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This Association, as a body, is not responsible for the stat ts or opinions of any of its 
members. 


WROUGHT-IRON CEMENT-LINED WATER PIPE. 


BY LEONARD METCALF,* CIVIL ENGINEER. 
(Read December 9, 1908.] 


INTRODUCTION. 


In the course of the recent water-works valuation suit at Port- 
land, Me., in which the plants of the Portland Water Company, 
Standish Water and Construction Company, Gorham Water Com- 
pany, and the Foreside Water Company were appraised, the 
writer had occasion to look up experience in New England with 
wrought-iron cement-lined water pipe. A search of the files of 


current engineering journals developed some articles of interest, 
referred to in the bibliography appended to this paper, and led 
to the sending of an assistant, Mr. William L. Butcher, a member 
of this Association, to interview the superintendents of several of 
the New England plants upon their experiences with the wrought- 
iron cement-lined water pipes in their works. The data thus 
acquired, with certain observations and deductions by the writer, 
have been brought together in this form in the hope of eliciting a 
general discussion upon the merits and demerits of wrought-iron 
cement-lined pipe, by members of this Association, many of whom 
have had personal experience with it. 
TYPE OF CONSTRUCTION. 

Two general methods of building wrought-iron cement-lined 
pipe have been used in this country: the first, known locally, 
perhaps, as the Goodhue «& Birnie pipe; the second, what is known 
as the Phipps patent. 

The Goodhue & Birnie pipe was generally made by riveting up 


* Of Metcalf & Eddy, consulting engineers, Boston, Mass. 
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sheets of wrought iron, single riveted with cold rivets, without any 
attempt to make the joints watertight, and lining this wrought- 
iron shell with from } inch to 1 inch of neat Rosendale 
cement, or cement mortar mixed one part of cement to one part of 
sand. This work was generally done in a central plant, or at 
different points along the pipe line, from which the pipe was 
carried to the trench, there imbedded in Rosendale cement mortar 
laid along the bottom of the trench, and then covered over the sides 
_ and top wita a ?-inch to 1-inch layer or casing of Rosendale cement 

mortar plastered on with rubber gloves or trowel in the hands of 
the pipe maker. The trench was generally backfilled immediately — 
or shortly after laying the pipe. 

The pipes were made in lengths of 9 feet, and the joints between 
the pipes were made by means of a sleeve of wrought iron with 
inner and outer casing of cement, or by making the pipe tapering 
so that the end of one pipe was fitted into the end of the next. In 
the larger mains the joints were often plastered on the inside after 
laying; in the smaller ones, this was, of course, not attempted. 

The Phipps patent pipe was generally made and coated © 
without as well as within with a 3-inch to 1-inch layer of cement 
or cement mortar, the outer coating being held in place by a thin 
sheet of wrought iron which subsequently rusted out in the trench. 
This outer sheet was of distinct advantage, however, as a protec- 
tion to the outer cement coating in the handling and laying of the 
pipe. 

In a few cases cast-iron bells and spigots have been riveted to the 
wrought-iron sheets before making the pipe, and the joints have 
then been made in the ordinary manner with lead tightly. calked 
in place or by the use of cement mortar. 

More recently, under the Phipps patent, a type of cast-iron ring 
has been developed which is driven home in each end of the pipe, — 
one of the rings being a female ring, the other a male ring, — thus 
more rigidly holding the end of the pipe and preventing injury to 
it in transportation and laying, and incidentally making more 
convenient the placing of the outer cement coating of the pipe, 
which is made of grout poured into the mold between the inner 
and outer sheets, with the pipe standing onend. The joint be- 
tween pipes is made finally by the use of a sleeve as heretofore. 
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So far as the writer is aware, no cast-iron joint has thus far been 
developed which has proven thoroughly satisfactory and advan- 
tageous from the standpoint of economy. 

It is perhaps worthy of note that while blue annealed wrought- 
iron sheets imported from England were used in many of the early 
installations, in making the later ones steel has been substituted 
at some saving in cost, though not in durability. 


EARLY HISTORY. 

A glimpse of the early history or experience with wrought-iron 
cement-lined water pipe is given in the report of the well-known 
engineer, Mr. Phineas Ball, of Worcester, Mass., to the city of 
Springfield, to be found in the report of the Board of Water 
Commissioners to the City Council for the year 1876, which is 
quoted below at some length: 


Extract from Report of Phineas Ball, dated at Springfield, Mass., 
January 15, 1876. 


Wroucut [Ron AND CEMENT-LINED PIPE IN GENERAL.” 


“There is always in every community a certain number of 
intelligent citizens who entertain honest doubts as to the utility 
of using this kind of pipe. In the minds of many of the citizens 
of the city, this doubt has existed and stil! exists. Under various 
forms during the last two and a half years this want of confidence 
has been freely expressed by many. After an experience of twelve 
years in laying and watching wrought-iron and cement-lined pipe, 
and having examined many samples of pipe removed for various 
causes, and after examining defects that have appeared under a 
variety of conditions, and made many inquiries into the immediate 
cause leading to individual defects, and having consulted with 
those of large experience with this kind of pipe, your indulgence is 
claimed to express upon this subject a more direct and a more ex- 
plicit opinion than I have ever heretofore given in any previous 
paper or report. 

“The durability and permanent usefulness of wrought-iron 
cement-lined pipe rest upon two principles: 

“ First. Wrought iron possesses the property of sustaining a 
tensile strain from three to four times greater than cast iron in the 
same sectional «rea. 

“ Ordinary pig-iron, of which cast-iron water pipes are mostly 
made, will bear a tensile strain from 13 000 to 22000 pounds per 
square inch 
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“Messrs. Alan Wood & Co., the makers of the iron used upon 
your water works, furnished a series of tests of samples of iron 
manufactured by them of the same brand as that which was used 
in making the pipe, which gave an average of 55000 pounds per 
square inch, the tests ranging from 46 000 to 71 000 pounds to the 
square inch. 

“‘ Cast iron is crystalline in its structure, and in casting even the 
best is ‘ liable to air bubbles and other defects, which render its ten- 
sile strength very unreliable.’ Wrought iron is not subject to this 
peculiarity and in all places where this special property is most 
needed, wrought iron is now nearly universally used. In a water 
main the tensile strength is the one that is constantly in use when 
a pipe is under pressure, the same as in a steam boiler, and is the 
property that any material of which a water pipe is made must 
possess in a very high degree in order to be useful for this purpose. 
Cast iron lacking this high tensile resistance when used for a water 
pipe, the deficiency is made up in extra thickness of the shell. And 
further, as experience has abundantly proved, cast iron when used 
for pipe is subject to decay from oxidation, to provide for which 
decay the usual practice is to add to the necessary thickness 
needed to stand the pressure from } to % of an inch for what is 
called the ‘ life of the pipe.’ Therefore, in the use of cast-iron pipe, 
nearly one-half of the metal employed is taken to provide for con- 
tingencies that are over and above the requirements for the 
strength. In this respect wrought iron has a decided advantage 
over cast iron. The uniformly reliable tensile strength of wrought 
iron is well known, which property enables a pipe of the requisite 
strength to be made of it with a very small amount of materials 
as compared with cast iron. 

“The second principle is that of the seiitidias power of cement 
to prevent the oxidation of iron when used underground. In 
numerous instances this protection has been proved by actual 
experiment to be singularly effective and complete. In removing 
small sections of lines of water pipe that have been in use six, 
eight, ten or twenty years, a great number of lengths will be found 
to be entirely free from all rust and in such a state of preservation 
that there seems no reascn why such pipe should not endure for 
centuries. If what is seen as a reliable result upon numbers of 
pipes removed could be said of it as a whole, its trustworthiness as 
a permanent water conductor would be assured beyond all ques- 
tion. That the preservative effects of the cement is complete on 
some pieces and of parts of others and not upon all pieces and 
every portion of the pipe to which it is applied is the enigma. To 
make it universally protective where at present it appears only 
locally so, is the problem presented for solution. To a considera- 
tion of this question the attention is directed. 
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“ In the usual mode of making and laying this kind of pipe, my 
experience has forced upon me the conclusion that there are two 
prominent causes which have constantly operated to defeat the protec- 
tive property of the cement as applied to the iron. The first lies in the 
fact that the iron shells have not been made watertight previous to 
the application of the cement. Nor is this defect completely 
remedied either in the manner of lining or laying, as is commonly 
supposed. 

“The second is, the use of sand with the cement, as in ease of ordi- 
nary mortar. 

“In the making of the shells, usually, no pretense has been 
made of making riveted joints watertight. To secure a water- 
tight joint along the riveted laps, reliance has been had entirely 
upon the cement lining to fill up and make proof against the exit 
of water any space left open in the riveting. That many pieces are 
thus made watertight there is ample evidence. But that the 
vast majority of pipes are not watertight at the riveted laps is too 
painfully evident from the inspection of any considerable number of 
pipes taken up that have been in use a number of years. That 
leaks so large as to require to be ‘ mended’ do occur upon the riv- 
eted laps is well known to all experienced in the care of this kind of 
pipe. This form of ‘ leak ’ is not as common as the one at the joint, 
but still frequent enough tc reveal the fact that in this respect it 
is a defect that needs attention and the application of a remedy. 
Where one leak of this kind appears on the surface, many more, 
very small, indeed, occur, only the result of a slight oozing through 
the cement lining, but sufficient to lift the covering from the out- 
side of the iron and thus commence and continue the oxidation of 
the iron, until the pipe is ruined. 

“My experience has convinced me that leaks of this small 
character are far more common and numerous upon laps than at 
joints. That, as a rule, if a joint leaks, sooner or later it will make 
its appearance at the surface of the ground. 

“ The second point, that of the use of sand with cement, making 
it into mortar the same as that used for ordinary stone and brick 
work, I deem important. It is cement which possesses the pecu- 
liar property of preventing oxidation and not sand. Sand dilutes 
the cement and makes the resulting mass less adhesive when 
applied to the iron and decreases the tensile strength of the 
hardened mortar. 

“‘ The original patent for this kind of pipe was granted to Jona- 
than Ball, of New York City, dated December 15, 1843. The 
claims in the original patent are-as follows, to wit, ‘ What I claim 
as my invention is the application of hydraulic cement or water 
cement as a coating upon the interior surface of metallic water 
pipes to prevent the corrosion and oxidation of the metals of which 
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the pipes are composed. Also the means by which it is accom- 
plished, as set forth.’ 

“The original patent was reissued September 15, 1857. In 
this reissue the word ‘ cement’ is used fourteen times; ‘ hydraulic 
cement,’ four times, and ‘ Roman cement,’ once; while the word 
‘sand ’ does not occur and there is no reference whatever to its 
use in connection with cement by any form of expression or phrase- 
ology used in the document. In practice, however, singularly 
enough, from the earliest application of the device, the cement 
was always used mixed with sand in the same manner as in mason 
work. ‘The earliest recorded line of pipe laid under this patent is 
one mentioned in the circular of the Patent Water and Gas-Pipe 
Company, under the date of 1875, by whov. it was introduced as 
being laid in Jersey City in 1845, and referred to in a certificate 
of Samuel McElery as having been examined by him March 20, 
1867. The next oldest line mentioned was laid at Saratoga in 
1847, since which time the pipe has been laid in many cities and 
towns. From time to time various defects appeared, mostly in the 
destruction of the iron of the pipe by rust. Some of these appeared 
quite anomalous because no satisfactory reason could be given for 
their occurrence. For these defects and anomalies the common 
explanation given was that the cement mortar, meaning the 
cement and sand, was not properly mixed, or in some cases loam 
or clay would accidentally get mixed with the mortar and form a 
very porous mortar, or clay or loam coming in contact with the 
pipe before the cement covering was applied, by all of which means 
oxidation was induced. After very diligent inquiry in 1873 and 
previously of many persons of much experience with this kind of 
pipe, want of uniformity of mixing the mortar seemed to be the 
unanimous opinion as the prime cause of all, or nearly all, of the 
defects observed to that time. On your works the defects of 
imperfect mixing was remedied, where any sand has been used, by 
mixing the mortar by machinery. 

“‘ An examination of the pipes removed on your works from 
Chestnut Street and one or two other sections in 1874, and from a 
hint in a letter from Hon. F. T. Stanley, of New Britain, Conn., 
dated May 20, 1874, to the Water Commissioners of Fitchburg, in 
which occurred the following language: ‘ It is evident to us that the 
sand that was used here has had more to do with their failure than 
any other cause, it having more or less admixture of loam,’ 
caused me to investigate the matter anew, and from a different 
standpoint. 

“The use of wrought iron in the construction of bridges, build- 
ings, roofs, and ships has become so common that the subject of its 
preservation from oxidation has become one of general interest. 
The causes of rust or oxidation are hgeneral; the prevention may 
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require special means adapted to the kind of structure under 
treatment. Inquiries into the active causes producing oxidation 
the most rapidly have been and are still being prosecuted with care 
and by the aid of science. 

“In a paper read by Prof. E. Crace Calvert, before the Literary 
and Philosophical Society of London, and quoted by Van Nos- 
trand’s Engineering Magazine for 1871, Vol. IV, page 522, after 
giving in detail his experiments, he states that ‘ these series of 
experiments substantiate the interesting fact observed, — that 
carbonic acid promotes oxidation’; in the course of establishing 
which fact he made another series of experiments extending over 
a period of two years in order to ‘ throw some light on the curious 
fact, first published by Berzelius, that caustic alkalies prevent the 
oxidation of iron.’ The main fact substantiated by this series of 
experiments was ‘ that the carbonates and bicarbonates of alkalies 
possess the same property as their hydrates,’ that of preventing 
oxidation. In an article quoted by the above magazine from the 
Builder on “ The Preservation and Purity of Iron,” Vol. III, 
page 527, the writer arrives at the conclusion that ‘ the presence of 
carbonic acid is necessary for the production of rust,’ and men- 
tions the interesting fact of the demolition of the Wriothesly 
Street bridge on the London and Birmingham extension railway, 
a bridge which was built in 1835, composed of iron and brick work, 
that at the time of its being taken down ‘ it was found to be ex- 
tremely difficult to separate the brickwork from the girders. It was 
as easy, or more so, to break the bricks themselves. But when the 
separation was effected, it was found that this unusual adhesion 
was caused by the entire absence of rust.’ These girders were set 
in brickwork in Roman cement. The phenomenon of the close 
adhesion of the cement to the iron is frequently seen in the case of 
pipe underground, where, on removing the cement, it will be found 
to cleave off not clean from the iron, but leaving a film of 
cement on the surface of the iron, and on removing this film, the 
iron will be found perfect on the parts where this intimate adhesion 
occurs. 

‘ Another consideration having an immediate bearing upon this 
subject is the fact established by recent investigations upon the 
composition of the underground atmosphere. That all soils are 
porous is a well-known and well-established fact. it has been 
well ascertained that the pores in the soil, when not filled with 
water, hold in their spaces air, and further recent investigations 
show that the composition of underground air in one particular is 
very different from that of ordinary air. The difference is in the 
large amount of carbonic acid found in the ground air over that in 


the atmospheric. 
“ This subject, in our state, was investigated by Prof. William 
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R. Nichols, of the Massachusetts Institute of Technology at 
Boston, during the year 1874. The result of these researches was 
published in the annual report of the State Board of Health for 
1875. The facts here quoted are taken from that report. The 
normal ‘ amount of carbonic acid in the outer air may be taken as 
generally lying between 0.30 and 0.45 part in 1000.’ In the 
filled land in the Back Bay, in Boston, at a depth of 6 feet below 
the surface, on August 20, 1874, Professor Nichols found 20.71 
parts of carbonic acid in 1 000, or between 46 and 69 times the 
amount in atmospheric air. This quantity is the largest found at 
any one time. The average of 31 determinations is 8.83 parts in 
1 000, or between 19 and 29 times the amount in the outer air. 
The lowest amount found was January 5, 1875, when it was only 
2.45 parts in 1000, or between 5 and 8 times the amount in 
commonfair. To insure the protection of the iron from the influ- 
ence of carbonic acid, the coating must be impervious or of such 
chemical character as to neutralize its destructive agency. The 
cement may act in both ways; first, by hardening, form animper- , 
vious coating, or second, by absorbing the carbonic acid, converting 
the caustic lime in the cement into a carbonate, or reconverting 
the mass into elements analogous to those of the natural rock of 
which the cement was made. 

“ In testing cement its tensile strength is always found to be the 
greatest when used pure without an admixture of sand. Sand 
dilutes the mixture; the more sand, the less tensile strain will it 
bear, showing that, in a mass of hardened pure cement mortar the 
particles are more closely united, each to each, than is the case 
when sand is used. 

“One fact is quite noticeable in repairing and removing lines of 
cement-lined pipes, and that is the very nearly complete pre- 
servation of the sheet iron of which the sleeves are made at the 
joints and the iron of the pipe itself under the joint when perfectly 
filled. In May, 1870, a portion of the 16-inch main which supplied 
the city of Worcester was lowered. The number of lengths 
removed was 164; the number of sleeves, 165. The area of the two 
surfaces of each sleeve was 6.8 square feet. The total area in the 
165 was 1 122 square feet. Upon this entire area scarcely a speck 
of rust could be found, and the same was to be observed on the 
pipes under the sleeves. This pipe had been laid six years. The 
preservation of this iron was partly due to the richer mortar used 
in filling the sleeve. For a few years past sand has been entirely 
discarded in ‘joint mortar’ in laying the pipe. In answer to 
many inquiries of persons who have the care of works where this 
kind of pipe is in use, whether rust on and under ‘sleeves’ is 
common, I have always been informed that it is very rare indeed 
to find a sleeve rusted out, or on which rust appears. 
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“‘ The conclusions, therefore, at present reached may be summa- 
rized as follows: 

“ First. That wrought iron as a material of which to make 
water pipes is much more reliable than cast, with a great economy 
in the employment of materials. 

‘Second. That the sheet-iron shells should be made watertight 
before lining with or laying in cement. 

“Third. That in applying the cement no admixture of sand 
should be allowed. 

“ Fourth. That owing to the economy with which this pipe 
can be laid, generally, as compared with cast iron, especially for 
large sizes, if laid with watertight shells and in pure cement, its use 
will repay the investment. 

“Present experience has brought me to the foregoing conclusions. 
They are not put forth as final. Further evidence upon the 
behavior of pipe laid upon the method indicated might lead me 
to reject the pipe altogether, but-until that adverse evidence is 
received my opinion is that there are many localities in which it 
may be used for the public benefit. T he pipe has many good 
qualities in its favor, and by a careful study of the facts which 
relate to its preservation the practice of the principles upon w hich 
its permanence rests may be so perfected that it may be as safe to 
lay this kind of pipe as cast iron. In concluding this subject, I 
will add that all of the wrought-iron pipe laid on the works this 
year has been lined and covered with pure cement, without sand, 
and that more than half of that laid last year was first covered 
with a layer of about one-quarter inch in thickness before the sand 
mortar was put on.” 


In the year 1888 a joint special committee of the City Council 
of Springfield charged with the investigation “ of the problem of 
how best and most economically to lay a new main from Ludlow to 
obtain an increased water supply’ sent out circular letters to 
many towns and cities in New England in which cement-lined pipe 
had been used, asking for information of their experience with it. 
The result of this inquiry was summarized in an article in Engineer- 
ing News, in Vol. XXI, January to June, 1889. 


Extract from “Engineering News,” Vol. X XI, 1889. 


“A joint special committee of the City Councils of Springfield, 
Mass,, has been chosen to investigate the problem of how best and 
most economically to lay a new main from Ludlow to obtain an 
increased water supply. A 24-inch cast-iron main would cost 
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$225 000, which might be laid to connect with the existing 24-inch 
cement-lined main. In discussing the question of cast iron v. 
cement-lined pipe, the committee sent to 50 cities and towns a 
series of questions relating to durability, etc., of cement-lined pipe, 
and whether or not such pipe was being replaced by cast iron. 
Forty replies were received and the majority stated that the use 
of the lined pipe was in disfavor and that it was being rapidly 
replaced by cast iron. Brooklyn had used cement pipe between 
1859 and 1884, but had given it up as unserviceable. Chelsea, 
Mass., used some such pipe twenty-one years and its condition is 
fairly good, but cast iron was found to be more reliable and eco- 
nomical. Worcester had a little of this pipe in use for twelve to 
sixteen years, but the condition is poor, owing to frequent leaks. 
Hartford, Conn., has 12 miles of cement pipe and has used it 
twenty-five years but it has been given up as causing more 
trouble from breaks. Fitchburg, Mass., used such pipe between 
fourteen and seventeen years, but has given it up as a matter of 
safety and because the repairs cost more than the change to cast 
iron. Concord, N. H., has cement pipe laid for sixteen years, and 
as it is in good condition still adheres to it. Brockton reports 
cement pipe as all right and no leaks. 
“In Pittsfield the water commissioners say that cement pipe has 
been used since 1855 and its condition is good as far as they know. 
New Bedford officials consider the pipe unreliable. In. New 
Haven the pipe is considered reliable and no change is contem- 
plated. Meriden, however, sings a different tune. There the 
cement pipe has been used since 1869 and its condition is very 
poor. It cannot stand a pressure of more than one hundred 
pounds. Woburn considers that its condition is perfect with a 
pressure of between 60 and 95 pounds. It has used the pipe 
fifteen years and does not contemplate a change. Manchester, 
N. H., has the pipe laid fifteen years ago, but does not want any 
more because it bursts. The pipe in Salem has been laid twenty 
years and is considered good, so they are not substituting iron 
pipe. Cambridge has not laid any for fifteen years and is substi- 
tuting iron because there is no doubt of its advantages. New 
London has laid no cement pipe since 1872, and the commissioner 
says, ‘I would on no account lay a large main of cement-lined pipe, 
and small mains with only those of the best workmanship and 
material.’ Providence considers the pipe treacherous. Experi- 
ence in Somerville shows that the pipe bursts, there being an 
average of eighty breaks a year. Portland, after twenty years’ 
experience, has taken all the pipe up because it could not stand the 
pressure. In Waltham the pipe has been used since 1873, but as 
it is beginning to rust, no more cement pipe will be laid. Boston 
has little of this kind of pipe. It is found to rust and burst. 
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Malden has some laid twenty years ago, and is substituting iron 
pipe. 

“The answers to the questions as to the amount of water used 
per capita and the annual receipts were not given in all the slips 
returned. Those which were given, however, are interesting to 
compare with Springfield’s rate per capita per day of 100 gallons, 
and her receipts of $129 464 last year. The other cities are as 
follows: 

“Gallons Used per Capita. Holyoke, 71; Fitchburg, 60; Taun- 
ton, 32; Lawrence, 68; Cambridge, 50; Albany, 100; Hudson, 
148; South Framingham, 40; New London, 99; New Bedford, 
85; New Haven, 112; Meriden, 50; Woburn, 60; Manchester, 
N. H., 45; Brooklyn, 66; Jersey City, 100; Chelsea, 60; Worces- 
ter, 50; Hartford, 50; Providence, 44; Syracuse, 80; Troy, 130; 
Lowell, 65; Portland, 150; Waltham, 30; Boston, 80; Malden, 65. 


“Annual Receipts from Water Rents. Northampton, $22 364; 
Fitchburg, $51 000; Taunton, $39 444; Concord, N. H., $38 441; 
Newark, N. J., $340000; Utica, $70000; Brockton, $26 000; 
Pittsfield, $25 000; New. Bedford, $51 000; New Haven, $210 000; 
Meriden, $50000; Woburn, $26118; Manchester, $80 000; 
Lawrence, $80 554; Salem, $52 000; Cambridge, $214000; Albany, 
$255 900; South Framingham, $12000; New London, $23 575; 


Jersey City, $539 227; Chelsea, $70000; Worcester, $130 000; 
Hartford, $145000; Waltham, $41127; Boston, $1 540000; 
Holyoke, $58954; Malden, $59877; Providence, $346 731; 
Syracuse, $77 000; Lowell, $180 000; Somerville, $90 000.” 


In 1894 Mr. John R. Freeman, then se¢retary of the Winchester 
Water Board, presented a report to the town, to be found in the 
twenty-second annual report of the Winchester Water Board, 
January, 1895, in which he discussed the question of the advisa- 
bility of further installation of wrought-iron cement-lined pipe in 
Winchester, Mass. Mr. Freeman’s conclusions were: 


“First. Cast-iron pipe can now be laid cheaper than cement- 
lined. Cast-iron pipe of the size mostly used (6-inch) costs in long 
lines and easy digging, exclusive of gates and hydrants, which are 
the same in either case, about 55 to 60 cents per foot for material 
and labor, all laid; while 6-inch cement-coated sheet-iron costs 
about 65 to 70 cents under same conditions. 

“Second. Cast-iron pipe is much the stronger. The computed 
bursting strength of new pipe is about ten times as great for the 
cast-iron as for the sheet-iron pipe with its riveted longitudinal 
seam. ‘The cast-iron pipe is eleven times as thick as the wrought- 
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iron used, and the greater thickness thus more than offsets the 
brittleness of cast iron. 

“ The cast-iron, ‘ Class B,’ is all tested at the foundry by a water 
pressure of 300 pounds per square inch, and will safely stand the 
water ram and working strains incidental to 100 pounds per square 
inch working pressure without danger of bursting under fire duty. 
Sheet-iron pipe as heretofore used could not be trusted under much 
more than 50 pounds pressure for domestic draft; and even with 
this pressure there is always a danger that a temporary quick 
shutting-off of hose streams during a fire may burst the mains and 
instantly render the water service useless. Various cases can be 
cited where such accidents have happened, and there is conse- 
quently among many insurance experts a strong prejudice against 
cement pipe in a public water supply.~ 

“Third. The life of cast-iron pipe is much longer than that of 
cement-coated sheet iron. The thickness of cast iron used for a 
6-inch pipe is 0.5 inch. The thickness used for several years past 
in Winchester for 6-inch sheet-iron pipe is s\; inch; in other words, 
the cast-iron shell is eleven times as thick as the wrought-iron 
shell. The sheet iron used in Winchester is no thicker than has 
been used in some other towns where pipe has rusted out badly. 
Iron 0.046 inch thick, if it happens to become exposed by the 
cracking of the cement, will soon rust through. 

“ A difficulty in the use of cemented sheet-iron pipe is the possi- 
bility of imperfect work. One square inch of poor cement covering 
per 100 feet in length might spoil the usefulness of a whole line. 

“Winchester has been, as a whole, much more fortunate in its 
experience with cement pipe than most towns. Several reasons for 
the superior endurance of our older mains are very likely the facts 
that they are under rather moderate pressure from a gravity supply 
without pulsations of pumping and not subject to the water rams 
of elevator service, locomotive-tank filling, or the like; ‘and that 
they mostly lie in firm, well-drained earth. Moreover, it is but 
fair to suppose that the workmanship and application of the cement 
covering have been unusually faithful. 

“Still we average more leaks per year in the cement mains of 
Winchester than are found in the cast-iron pipe of all Lowell and 
Nashua combined. 

“The experience of the great majority of cities and towns is 
that cement-coated sheet-iron pipe becomes so frequently leaky 
after from fifteen to twenty-five years of use that it is then con- 
demned, dug up, and replaced by cast iron. 

“The life of cast-iron pipe properly coated with coal pitch 
varnish, and with any ordinary earth and water, may confidently 
be expected to be fifty years, or perhaps even one hundred years 
for 8-inch pipe or larger. Commonly after five to fifteen years, 
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tubercles of rust will begin to form, and may gradually cover much 
of the interior surface with a crust 0.50 or 0.75 inch thick, thereby 
obstructing the water-way and retarding the flow still more by the 
roughness. If a pipe of generous size be laid at first, no other 
particular harm comes from this rusting. There are miles of 
Cochituate mains in Boston now in active service after a use of 
nearly fifty years, and which were laid without tar-coating. Cast- 
iron underground rusts much less rapidly than wrought iron. 

““ Malden and Melrose have both found it expedient to increase 
the pressure above that given by gravity from Spot Pond, which 
is at an elevation about four feet higher than the high-water line 
of our North Reservoir, and to pump the general supply to a higher 
distributing reservoir. The tendency of public works is to higher 
pressure, and perhaps Winchester some day may want a higher 
regular working pressure. ‘Or, should it be desired at some future 
day, when a larger high-service reservoir has been provided, to 
arrange a valve at the central fire station, town hall, or police 
station (as could be cheaply done), by which instantly, on alarm of 
fire, the high-service pressure could be turned on the entire town, 
thus giving about eighty pounds per square inch fire pressure at all 
hydrants except those on the hill, or substantially the same as the 
common working pressure of a steam fire-engine, then this cast- 
iron pipe ‘ Class B,’ which we have adopted for extensions of the 
past year will be, so far as it extends, perfectly adapted to such use. 

“Charlestown was originally piped with cement-coated sheet 
iron. After fifteen to twenty years the leaks became so numerous 
that the whole was torn out and replaced by cast iron. 

“Fitchburg has for several years past been tearing out each 
-year its cemented sheet iron laid twenty-two years ago and 
- replacing it by cast iron. It has now torn up about 20 miles, and 
has only 2 miles left. 

“ Worcester originally had 62 miles of cement-covered sheet-iron 
pipe, but found as it became old that it cost a great deal for repair- 
ing leaks and for damage by washouts. It has already dug up and 
replaced 53 miles of it with cast iron, and expects to tear out and 
replace all there is now remaining during the coming year. 

“Manchester, N. H., put down many miles of the sheet-iron 
pipe at the original construction of its works twenty-two years ago, 
but has abandoned its use and lays only cast iron; and during the 
year past dug out nearly two miles of its 4-inch, 6-inch, and 8-inch, 
replacing the same with cast iron. 

“‘ The fire which nearly wiped out the business center of Spencer, 
Mass., two year ago, gained its destructive headway by reason of 
the water being shut off for a few hours to repair a rust crack in a 
cemented main. 

“In Rome, N. Y., about a year and a half ago, the bursting of a 
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cement pipe main during a fire led to a property loss of upward of 
two hundred thousand dollars. 

“In Somerville, Mass., the experience with the cement pipe for 
street mains was wholly unsatisfactory after the pipes became old, 
and the sudden development of a cold water geyser in the public 
street has, on one occasion at least, in, olved the city in a heavy 
claim for damages. At Lynn one similar burst of a cement pipe 
main is stated to have cost the city about ten thousand dollafs for 
the broken windows and the general deluge, and they long since 
abandoned laying more. 

“Coming nearer home and to water from the Middlesex Fells 
region, the same as our own: 

“In Malden, the many breaks in the cement pipe were a serious 
obstacle to increasing the pressure on the pipes from the new dis- 
tributing reservoir. The laying of cement pipe has been aban- 
doned, and much of that originally laid has been dug up and 
replaced by cast iron. 

“‘ In Melrose they still lay some cement pipe, mostly in districts 
where pressure is low, but are laying cast iron for the important 
lines, and a member of their water board says they will probably 
soon lay cast iron exclusively. 

“Medford abandoned cement pipe several years ago, and lays 
cast iron now exclusively. Medford had about ninety breaks on 
cement mains in 1893, and keeps a man at the shop day and night 
ready for repairs with a horse harnessed with a ‘ fire department 
quick-hitch ’ for the cement pipe repair wagon. During the past © 
year they tore up and relaid with cast iron about seven miles of 
cement pipe, but a part of this was done to obtained increased size 
in mains. 

“Many additional examples could be quoted to show that 
Winchester in changing from cemented sheet iron to cast iron is 
very near to the conservative end of a very long procession. 

“Fourth. Cement pipe even when filled with water is often 
struck by lightning and thereby ruined. Last year in our 
neighboring town of Arlington, a long piece of cement pipe was 
shattered from this cause and replaced by cast iron. Woburn has 
had similar disasters from cement-lined pipe struck by lightning. 
Lynn has suffered repeatedly from this cause, and Fitchburg has 
had similar experiences, and many cther towns have had like acci- 
dents, sometimes } mile of pipe being instantly ruined. In Win- 
chester, in 1880, about 400 feet of the 6-inch high-service main was 
ruined from this cause and replaced. 

“On the whole, Winchester has simply had unusually good luck 
in this matter of lightning damage. 

“Fijth. Cast-iron pipe can safely be laid or repaired or cut into 
in freezing weather. Cemented pipe is endangered by frost spoil- 
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ing the set of the mortar exposed thereto, and, therefore, cannot 
safely be laid so early in spring or so late in the fall as cast iron. 

“Sixth. Cast-iron pipe runs less risk of suffering from the acci- 
dent of a careless workman. Each 12-foot piece having been 
tested under heavy hydraulic pressure at the factory, the joints 
are almost the only parts where leaks can occur from careless treat- 
ment, as by not filling or driving the lead joint properly. .In a 
cement pipe, every square inch of surface is susceptible to injury 
from careless covering or lining, or from a lump of poor mortar. In 
soft ground, or ground disturbed by sewer work, cemented pipe will 
not resist straining so well as cast iron. 

“Seventh. Cement-lined pipe has one great advantage over 
cast iron, namely, tubercles do not form on its interior surface. 
This remains clean and smooth and free from obstruction to the 
flow, even after twenty years of service. 

“With cast iron, even though tar-coated, oxide of iron does 
commonly collect, the rate depending upon the quality of the 
water and the excellence of the tar-coating. Ultimately, perhaps 
in twenty-five to fifty years, this coating of hydrated oxide of iron 
may almost completely cover the interior surface; but even then 
with a 6-inch pipe there will probably be a 4-inch hole remaining 
open. Moreover, there is a device already in use in several cities 
having very old cast-iron pipe laid before the days of tar-coating, by 
which the tubercles can be scraped out .of a pipe without taking 
it up. This device consists of a scraper actuated by the water 
pressure.” 


Early in the present year, 1908, to bring down to date the 
opinions formed in the various towns referred to in the above cita- 
tions, the writer sent one of his assistants to interview the super- 
intendents of water works in a number of our New England cities 
using pipe of this character, and to look up such references on the 
subject as he might be able to find. The result of these inquiries, 
together with some material collected in Lynn by Mr. E. V. 
French,* kindly placed at the disposal of the writer, and some 
inquiries and observations of the writer, are shown in the following 
memoranda: 


ATTLEBORO, Mass. (Information from Mr. Geo. H. Snell, super- 
intendent.) 

In 1905 Attleboro ‘had a population of 12702. The works 
were constructed in 1873, cement-lined pipe being used for the 
mains. The further use of this pipe was stopped in 1880, and the 


* Vice-President of the Arkwright Insurance Company, and a member of this Association. 
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work of replacing it with cast-iron was commenced in 1898. At 
the present time there is no cement-lined pipe in use. In 1880, 16 
miles of the cement-lined pipe had been laid. The superintendent 
states that the use of this pipe was stopped because of the trouble 
in making connections and the liability of breaks at these points. 
When the system was first in use it was customary, in case of fire, 
to shut off all but the affected district, this being done because of 
fear of breaks due to the increased pressure from the pumps, the 
normal pressure of 65 pounds being raised to about 100 during 
fires. No figures are obtainable regarding the cost of repairs of this 
old pipe, as it was done by plumbers under contract. It is said 
that the number of breaks was large, the cost of repairs, involving 
the substitution of a piece of cast-iron pipe, running as high as $15 
for an ordinary break. 

The superintendent remembers trouble from lightning previous 
to 1881, when about seventy-five feet of main pipe was destroyed. 
The town is not provided with a system of sewerage, so that there 
has been no serious trouble from digging up of the streets. 


BEVERLY; Mass. (Information taken from the published reports 
of the Water Board.) 

In 1905 Beverly had a population of 15 223. The works were 
originally installed in 1869, water being obtained from Salem. 
In 1885 the works were enlarged, an independent supply was 
obtained at an increased pressure of about ten pounds. The effect 
of this pressure on the pipe is very noticeable, the average number 
of breaks from 1879 to 1886 being 63 per year. In 1887 the num- 
ber of breaks was 249. The use of cement-lined pipe was prac- 
tically abandoned in 1894, and in 1897 and following years the 
annual reports have clauses recommending the replacement of the 
cement-lined pipe with cast-iron on account of the poor condition 
of the old pipe. 

Effect of Lightning. On August 10, 1878, 357 feet of 4-inch pipe 
was destroyed. On October 1, 1883, 600 feet of 4-inch pipe was 
destroyed. On July 23, 1888, one stroke of lightning caused three 
breaks. On June 17, 1892, one stroke caused several breaks and 
required replacement of 108 feet of pipe. In 1901, 2000 feet 
were badly shaken by lightning and had to be replaced. 
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The size of pipe varies from 4 inches to 18 inches in diameter. 
Average pressure, 72 pounds. Average age of pipe, thirty-four 


years. 
Following is a table of statistics relating to the leaks and cost 
of repairs: 
. 3 Cost of Repairs 
No.of Milesof Miles of — Total Cost er Mile 
Year. Leaks. ,Cement- Cast-Iron of Repairs. Cement Lined 


Lined Pipe. Pipe. Pipe 


— 
bo 
jor) 


Nok 


Average, 


BROCKTON AND WHITMAN, Mass. (Information from superinten- 
dent of water works Horace Kingman, and city engineers Charles 
R. Felton, of Brockton, and Julius C. Gilbert, of Whitman.) 


In 1905 Brockton had a population of 47 494, and Whitman 
of 6 521. 

The only use of cement-lined pipe in Brockton is for a main con- 
necting a reservoir with the city. This main consists of 20-inch 
and 24-inch pipe, and is about 15 000 feet long; half of it is through 
a country district, and the remainder through one of the streets on - 
the outskirts of the city. This latter part of the main has numer- 
ous connections. The pipe was laid in 1880 and was made by 
dipping the wrought-iron shell in hot asphaltum and afterwards 
rolled in sand arid cement before putting on the final coating. The 
main is under a varying pressure, which averages about 50 pounds. 


* Figures ppemete to this date in some cases contain items other than those relating to 
repairs of leaks. 


| 
: 1800: Wt 50.0 4 
50.3 4 $1 658. $33.10 
49.5 9 2179. 44.00 
49.5 9 1 507. 30.50 
49.6 3 1 522. 30.70 
= eee: 47.3 5 2 875. 60.80 | 
6 250. 134.50 
46.0 2 193. 47.75* 
45.7 nil 1 358. 29.80 
44.0 13.8 2 882. 65.50 
42.5 15.4 1 597. 37.60 
| 38.4 20.7 2 264. 49.00 
34.7 27.6 1 731. 50.00 
32.4 30.7 1 890. 58.40 
$2 249. $50.45 
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The superintendent states that no trouble whatever has been 
experienced with this pipe during the twenty-eight years of its 
existence. 

In the town of Whitman there are about 12 miles of cement- 
lined pipe, and 12 miles of cast-iron. The works were installed in 
1882-3, at which time cement-lined pipe was used for the mains. 
For all extensions since that time cast iron has been used. The 
superintendent states that the particular reason for using cast-iron 
pipe was that they had no appliances for making the cement- 
lined, and cast-iron pipe lends itself more readily to laying and 


to making connections. He says that practically no trouble has 


been experienced with the old cement-lined pipe, which has now 
been in use twenty-six years. The average pressure on the main is 
65 pounds. The town is without a sewerage system and so there 
has been in the past very little digging up of the streets. 


ConcorD, Mass. Population, 1905, 5 241. 

The original works, consisting of a 10-inch supply main leading 
from Sandy Pond in the town of Lincoln to the town of Concord, 
and distribution pipe system from 3 inches to 8 inches in diameter, 
were built of wrought-iron cement-lined pipe in the year 1874. 
The pipe was of the socket type, known as the Knight-Bailey 
patent, but sleeves were also used outside of the socket joints in 
wet places and on curves. Branches were of cast iron. The 
wrought iron used in the shell was of the following gages: 


Diameter, Birmingham Gage. Thickness, 
Inches. Inches. 
3 23 : 0.025 
22 0.028 
6 20 0.035 
8 19 0.042 
10 17 0.058 


The pipe was lined with 1:1 Rosendale cement mortar, and 
covered with a 1:2 mixture of the same. In wet trench the 
covering mortar was mixed in the proportion of 1 of cement to 1 
of sand, or even richer. The joints were made with pure cement. 
The factor of safety upon the pipe system as a whole was supposed 
to be approximately 5, based upon an average head of 100 feet, or 
43 pounds pressure per square inch, and a maximum head of 110 
feet. The pipe was laid under contract by Ferris & Halliday, and 
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the contract cost thereof, as taken from the notes of the engineer 
for the town, Mr. William Wheeler, member of this Association, 
was as follows: 


$20 450. 
1 215. 

6 210. 

7 890. 
194. 


10-inch, 13 004.5 feet at $1 
8 996.5 


” ” ” 


1 
6 ,, 6090 ,, 1. 
0. 
0 


Total, 30 747 feet, $35 959.* 


Mr. Wheeler estimated the cost of substituting cast-iron pipe for 
wrought-iron cement-lined pipe in this work at $41 100, cast-iron 
pipe being quoted in the year 1874 at $45 per ton, and having 
been quoted in the previous year at $65 per ton. The probable 
saving effected by the use of wrought-iron cement-lined pipe in- 
stead of cast-iron pipe at that time (1874) amounted, therefore, to 
a sum of $5 141, and it is interesting to note that subsequent de- 
velopments have certainly justified the engineer’s decision at that 
time on the score of economy to make use of wrought-iron cement- 
lined pipe in preference to cast iron for the following reasons: 

The accumulation upon the saving of $5 141 compounded semi- 
annually at 6 per cent. (the rate of interest carried by notes or 
bonds issued by the town to cover the loan made for the water 
works) amounts to a present sum of approximately $19 500, 
and if we add to this amount 45 per cent. of $41 100 (the 
estimated cost of the cast-iron pipe system) to cover depreciation, 
based upon an annual allowance of 4 per cent. compounded annu- 
ally at a rate of 5 per cent., and amounting approximately to 
$18 500, we have a total sum of approximately $38 400, which 
would more than cover the reproduction cost to date of a new cast- 
iron pipe line of even greater strength than that of the old wrought- 
iron cement-lined pipe. Had the price of cast-iron pipe been $25 
per ton, the average ruling present-day price of cast-iron pipe, 
instead of $45 per ton, as it was at that time, the conditions would 
not have appeared so favorable. 

It is worthy of note that the wrought-iron cement-lined pipe 
is still in use and that a high-service fire protection system is now 
being installed which will increase the pressure upon the greater 


* Excluding 306 feet of 12-inch conduit in Sandy Pond. 
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Concorp WaTER Works. 


MILES OF PIPE, END OF YEAR. N 
No. of - Cost of 
| Cast Iron | Leaks on |, Cost of | No.of | Repairs 
Wrought | and Un- | Cement- |Repairs on) Leaks per) per Mile 
Year. Ironand | lined | Total. Lined C.L. Mile of | of C. L. 
Cement. | Wrought | Pipe.** Pipe. |C.L. Pipe.) Pipe. 
Iron. | | 
4 
1874 5.58 0.63* 6.51 
1875 6.91 1.03* 7.94 
1876 6.91 1.03* 7.94 
1877 8.43 1.10* 9.53 
1878 9.79 0.60* | 10.39 Po $18.25§ $1.86 
1879 9.90 0.77* | 10.67 51.05§ 5.16 
1880 9.90 0.99* | 10.89 eas 76.65 ae 7.75 
1881 9.90 0.99* | 10.89 aces 102.25 eters 10.33 
1882 9.90 1.13* | 11.03 22.80 2.30 
1883 16.65 1.15* | 17.80 Soe 33.96 ae 2.04 
1884 19.71 0.97* | 20.68 29.88 1.52 
1885 19.71 1.10* | 20.81 145.57 
1888 20.96 4.49: | 22.47 
1889 | 20.96 2.42 | 23.38 .... |Noleaks 
1890 20.96 2.59 23.55 ...- |Noleaks 
1891 20.96 3.14 24.10 
1892 20.96 3.41 -| 24.37 
1893 | 20.96 3.52 | 24.48 oe 
1894 20.98 4.40 25.38 By: 
1895 20.98 5.36 26.34 a 
1896 20.98 5.77 26.75 
: 1897 20.98 6.12 27.10 Pe 
1898 20.88 6.80 27.68 Ape 
1899 20.88 7.03 27.91 
1900 20.66 7.62 28.28 18 ees 0.87 
1901 20.65 8.58 29.23 19 aye: 0.87 
1902 20.65 8.73 29.38 13 vee 0.63 
1903 20.62 10.96 31.58 14 ek 0.68 
1904 20.62 11.43 32.05 18 ee: 0.87 
H 1906 20.40 12.19 32.59 17 Ds 0.83 
| 1907 20.35 12.40 32.75 10 t 0.49 


! * Mostly 1l-inch to 2-inch tarred and enameled wrought-iron pipe. The first cast-iron 
1 mains were laid in 1880. ' 

** No record from 1874 to 1899 inclusive. 

| + Includes renewals of services in 1887; whole amount devoted to this purpose. 

| t Data for this period cannot be separated from other items. Y 
§ Repairs made by contractor. ax 
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part of these mains from 43 pounds per square inch to approxi- 
mately 100 pounds. Undoubtedly some replacement of pipe will 
be required, but time alone can develop the extent of the replace- 
ment which will be necessary. 

The laying of wrought-iron cement-lined pipe in Concord was 
abandoned in the year 1888. 

Up to the present time repairs upon wrought-iron cement-lined 
pipe have not been excessive in cost, but they may prove so here- 
after under the greater pressure. 

The record of leaks and cost of repairs upon the cement-lined 
pipe has, unfortunately, not been kept separate in bygone years 
from that upon cast-iron pipe, or, indeed, from repairs upon other 
parts of the water-works plant. Such information as the writer 
has been able to gather, with the assistance of the present super- 
intendent, Mr. Leonard C. Robinson, is contained in the tabu- 
lation on page 20. 


Concord, N.H. (Information from Superintendent Percy R. 
Sanders. ) 


In 1900 Concord had a population of 19 632; a system of water 
works was installed in 1872, cement-lined main pipe being used. 
In 1883 a main from the source of supply to the city was laid, and 
in 1887 an extension to the village of Penacook was made. This 
completed the use of cement-lined pipe, all extensions since having 
been made with cast iron. 

In 1898 the work of replacing the pipe laid in 1872 was com- 
menced and is still in progress, as there remain about 14 miles of 
the 28 miles in existence in 1887. The pipe laid in 1883 and 1887 
is still in use and, accordihg to the superintendent, is in excellent 
condition, very little money. having been expended upon it in 
repairs. The old pipe is being taken out because of the number of 
breaks caused by rust: There has been some trouble from light- 
ning, in one case 388 feet of pipe being destroyed by this cause. 
The pressure on the pipe varies from 45 to 75 pounds, and some of 
the pipe is between the pumps and the reservoir. The sizes of 
pipe vary from 4 inches to 20 inches in diameter. Leaks have been 
recorded as follows: 
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No. Miles Cost of 

Year. Cost of Repairs. Cement-Lined Repairs 
Pipe.* per Mile. 

$660. 29 $22.70 


14.40 


(Letter from Superintendent Henry Newhall.) 
Danvers, Mass., August 24, 1908. 


Danvers, Mass. 


Mr. L. 

Dear Sir, —It seems impossible that your letter was dated 
July 21 and is unanswered. Besides my regular work, I have had 
14 000 feet of 18-inch, 8 000 feet of 12-inch, and 7 000 feet of 6- and 
4-inch cast iron to attend to, and to-day is the first day we have not 
worked. I hardly see how I could write anything for your meeting; 
my experience on cement-lined pipe has been largely in repairing 
an old pipe that was mostly sand. Mr. Blackmer has had ex- 
perience in making and laying with both kinds, although the 
ancient kind was under low pressure. I will send you a pamphlet 
report of our committee. We lost the vote and so had to use 
cast iron. My opinion in. brief in re cement-lined pipe is, that 
the Phipps double pipe is the best water pipe ever used, pro- 
vided it can be made to use lead joints. We have used the 4-inch 
in a small degree, which worked satisfactorily, but when it came 
to finding out if an 18-inch could be made without the casting 
costing too much, and if it would stand the heavy calking neces- 
sary when empty, we were unable to do so. My experience has 
been unfavorable to cement joints made by regular water-works 
employees; in fact, in those made by men that called themselves 
experts, we have had trouble the first year. This seems to be the 
experience of a lot of water works men to whom I wrote. We 
wound them and in a few years they rot off. I now put on a split 
sleeve on all but the 4-inch, i. e., on the 8-inch and 12-inch, as the 
cheapest way to mend. You will see by the report I mail that we 
have only a little over a mile of the modern cement-lined pipe; most 
of the rest was laid or made thirty odd years ago. Our main is 
12-inch, 3 miles long under 75 average pressure. We have had 
but one burst for ten years, :ut any quantity of joints leak. That 
is not so bad for a pipe where one-half sand was allowed in lining 


* Includes the Penacook extension of about 4 miles, and a low service main of about 2 
miles, which have as yet caused no trouble. 


> 92 
i 
: 
H 
} 
: 
+ i 


METCALF. 23 


and a “cement mortar” for outside. The smaller sizes do not 
make so good a showing; from the appearance of the lining, I am 
inclined to think that a great deal of the trouble was due to imper- 
fect mixing by hand; while some you can crumble in your hand 


perhaps a few inches away it is as hard asa rock. I didn’t mean 
to write you but a few lines, but I am very much interested in 
cement-lined pipe, although I see no prospect in using it at present. 
If you think I could give you any information in the form of 
answering questions, I should be only too happy to do so. I do 
not belong to the Association as unfortunately I] am too deaf to 
hear the proceedings. 


Yours truly, 
(Signed) Henry NEWHALL. 


Under date of May 22, 1907, a committee appointed by the town 
of Danvers to “ look into the advisability of establishing a plant 
for the town to manufacture cement pipe to be used by the water 
department,” presented an interesting report in which it discussed 
the relative cost of wrought-iron cement-lined and cast-iron pipe 
and concluded after careful consideration that it was ‘‘ advisable 
to establish a plant for the town to manufacture cement pipe to be 
used by the water department.” 

Without in any way wishing to criticise the action of the com- 
mittee, particularly as the local situation has not been examined 
by him, the writer desires to call attention to the fact that the 
committee based its findings upon cast-iron pipe at $30 per ton, 
and used in its computations a weight of cast-iron pipe which would 
give a strength far in excess of that of the wrought-iron cement- 
- lined pipe with which comparison was being made. Inasmuch as, in 
the judgment of the writer, to make the computations strictly com- 
parable, a considerably lower price for cast iron should have been 
used, since the ruling price of cast-iron pipe during the last twenty- 
five years has been approximately $25 per ton, as will appear 
from later discussion of this subject in this paper, and as a 
much lighter cast-iron pipe would have given equal strength and 
reliability with the wrought-iron cement-lined pipe, and as no 
allowance was made for the fixed charges resulting from the con- 
struction of a plant for the manufacture of wrought-iron cement- 
lined pipe, the comparison submitted by the committee does not 
appear to the writer to be quite fair, — particularly when the 


i 
i 
tee 
; 


24 WROUGHT-IRON CEMENT-LINED WATER PIPE. 


difficuity of securing uniformly good work and reliability of the 
cement-lined pipe in service, as compared with cast-iron pipe, is 
given due weight. 


G.LoucesTER, Mass. (Information from Herman W. Spooner, 
Engineer. ) 

The Gloucester Water Supply Company was granted charter 
in 1881, which was transferred to Mr. George H. Norman in 1884. 
The plant was put into operation in the fall of 1884. In the year 
1895 the plant was taken by the city of Gloucester. At that time 
the entire pipe system, amounting to approximately 23.5 miles, 
was of wrought-iron cement-lined pipe. Since that time nothing 
but cast-iron pipe has been laid, and approximately 44 miles of the 
wrought-iron cement-lined pipe has been replaced with cast-iron 
pipe. At the present time the system comprises approximately 
64 miles of pipe, of which approximately 19 miles are wrought- 
iron cement-lined pipe. 

The use of wrought-iron cement-lined pipe was given up on 
account of its unreliability and the excessive cost of repairs. The 
majority of leaks were caused by rupture at the joints, though 
some were due to careless work in neighboring excavations and a 
few probably to electrolytic action. Thus, in the year 1906, out 
of 44 leaks and breaks in the cement-lined pipe, 23 were leaks in 
service pipes, 3 leaks or breaks in the mains, the latter and the 
leaks in the service pipe being caused by electrolysis. 

On several occasions the cement-lined pipe has been injured 
by lightning. Thus, on September 6, 1896, 17 leaks upon one - 
street were caused by lightning during a severe shower. It 
was then found necessary to shut off nearly three quarters 
of a mile of pipe, as the leaks appeared at regular inter- 
vals throughout the entire line along Mount Pleasant Avenue from 
Highland to East Main streets. Other instances of from 3 to 7 
leaks have been noticed since that time, though of considerably 


less serious nature. 


GREENSBURG, PENN. The original water works of the West- 
moreland Water Company supplying Greensburg and a chain of 
adjacent towns lying about thirty miles east of Pittsburg, were 
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built in the years 1888 and 1889, using cement-lined pipe. The 
amount and prices paid under contract for furnishing pipe, haul- 
ing, ditching and backfilling, making joints, etc., were as follows: 


Diameter. Length. Cost per Foot. 
16-inch 6 602 feet $1.80 (very light) 
49 675 ,, 1.85 
34 863 _,, 1.53 
22 438 _,, 1.17 

ae 16 490 ,, 0.92 
6 20 386 ,, 0.66 


14 358 0.51 


4 


Total, 164 812 feet = 31.21 miles 


With regard to the pipe system, the manager and treasurer of 
the Westmoreland Water Company, Mr. Murray Forbes, says: 


Data on Material in Pipe. 


*« All the above pipe was known as ‘ Phipps,’ viz., an excellent 
grade of tough wrought iron lined and covered with an excellent 
quality of neat cement. On the outside a light wrought-iron 
jacket was placed for protection during transportation and 
handling. 


General. 


“The characteristic territory through which this piping 
was laid is hilly, with a maximum head of about 375 feet. At 
several points the line passed marshy ground. On beginning 
operations there was an excessive leakage, which was subsequently 
hunted up, very carefully repaired, and upon test the pipe was 
found tight. 

“‘ The leakage was confined to: 

“1. Joints on straight pipe. 
“2. Specials. 

“1. The defective joints were invariably in certain sections, 
generally in low, wet, or marshy ground. {n these places almost 
every joint was defective and apparently due to: 

“4. Careless and defective joint making. 
“ B. Joint cement having been wet. 
““C. Boozing of the joint makers. 

“2. The ‘ Specials’ were poorly and inadequately made, and 
many burst and leaked more or less, and practically all had to be 
removed and replaced with cast iron. 
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Experience. 


“« After the defects were made good in a systematic and thorough 
manner, this pipe has been admirable, and we have had little or no 
trouble. 

“‘ As a distribution pipe, there are several objectionable points. 

“1, The tapping must be done by a saddle, which runs the 
expense up, and while we have possibly 5 000 taps on this pipe and 
have had very little trouble, honest care must be used in making 
them or there would be. 

“2. The pipe is easily punctured, and in our towns of to-day 
where sewers, gas pipes, and telephone’ conduits are continually 
being dug over and across this pipe, a pick will go clean through it. 

“‘ As a supply pipe, I don’t believe it has a superior. We have 
had it in service nineteen and twenty years (at our Derry, Penn., 
system, twenty-one years) and it is as clean on the inside as it was 
the day it was laid.” 


In further comment upon his experience with this pipe line so 
far as leakage goes, Mr. Forbes writes: 


“‘T took a great deal of pleasure and interest in reading over 
your paper on ‘ Wrought-Iron Cement-Lined Pipe,’ and think 
it admirable, and I agree with your conclusions, viz., 

“ Disadvantageous for distribution systems. 

‘Satisfactory for supply systems when carefully and honestly 
made and laid. 

“From 1889 to 1907 inclusive, we have repaired 1 615 leaks on 
cement-lined pipe. This work can be divided into two classes: 


‘“‘ Leaks hunted for, due to bad workmanship in construction, from 


“ Leaks, 1894 to 1898........... 67. Average per year........... 


” 


“‘ In other words, after the cement-lined mains were put in tight 
and serviceable condition, although about twelve years old (laid 
in 1888), they held pretty well. However, I am only giving you 
these figures as interesting, for if I can present a paper I’ll use them, 
but if I find it will be impossible for me to be present, I’ll turn 
them over to you. 

“‘ T notice one point in J. W. Ledoux’s letter of July 22, viz., 


/ 
d 
“ Leaks breaking out from 1894 to 1907 109 
“To further subdivide this latter period: 
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‘“‘ «The Westmoreland Water Company’s system is one of the first 
built and one in which the pressures are much greater in places than 
the pipe should have been made to stand according to the standard 
of manufacture.’ 

“This may be, to some extent, true, but the point of greatest 
pressure on the Immel-Dry Ridge 14-inch line was laid in August, 
1888, and put in service in December, 1888, and has been so ever 
since. We had a great many leaks in this place, but finally gottit 
all fixed up about 1894, since which time we have had almost no 
trouble at all. 

“To my mind, this Immel-Dry Ridge 14-inch line is holding 
splendidly. In 1907 we cut ina 14-inch by 4-inch tee in the district 
of heavy pressure referred to, and the pipe was in fine condition. 
It may be, that in the next ten years we'll have trouble. 

“We have other points where the pressure is heavy, but the 
figures for the last nine years don’t indicate trouble so far. Less 
than five leaks a year on about thirty-nine miles under heavy head, 
in places, is not conclusive.” 


Lee, Mass. (Information obtained by Mr. A. A. Fobes from 
Dr. F. K. Chaffee, superintendent.) 


The works were built about 1883 and comprised from 8 to 
10 miles of wrought-iron cement-lined pipe. Last year there were 
three leaks upon the pipe system, but the general average is ap- 
proximately five or six leaks per year. The cost of making repairs 
is approximately $25 to $30 per leak. This is larger than it might 
be as they repair by inserting a piece of cast-iron pipe and using 
two cast-iron sleeves. They do this as none of the present manage- 
ment know how to make cement pipe. The chief cause of trouble 
has been the rusting of the steel. 

Some trouble has been experienced from lightning. ° In 1892 
lightning struck the pipe on‘the top of one hill and came out on the 
top of another, about two thousand feet away; the pipe between 
these two points seems to have been damaged, as several leaks oc- 
curred on that section, covering in all a period of twelve years. 

The greatest pressure on the mains is approximately ninety 
pounds. 

The system is in good shape and is considered a valuable asset, 
but all new pipe laid is cast iron, as no one in Lee knows how to lay 
the cement-lined pipe, and they have no machine for making it. 
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Lynn, Mass. (Information from Superintendent D. A. Suther- 
land to Mr. E. V. French.*) 

Extract from letter of Mr. Sutherland to Mr. French, dated 
February 8, 1908. 


“ T enclose a table showing the amount of cement-lined pipe in 
the system in the years 1875 to 1908 and the number of breaks 
each year. We have also inquired of the foremen in regard to 


Length of No. of Failures 
Comant-ined Pipe. per Mile 
Miles. Feet. Leaks. per Year. 

3 063 130 (34 from frost) 2.82 
4 287 94 (1 burst caused by sewer) 2.04 
79 


104 (on pipe of all sizes) 
119 


” ” ” 


68 
1.61 
2.08 
2.13 
1.85 
1.98 
1.48 
1.33 
1.66 
1.69 
1.57 
1.25 
1.68 
2.22 
1.90 
2.23 
2.08 
1.76 
3.09 
2.77 
2.00 
2.30 
2.95 


oon 
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Average, 


_ * Published through the courtesy of Mr. French, member Lynn Water Board, Vice- 
President Arkwright, Mutual Fire Insurance Company, and member New England Water 
Works Association. 


Year. 
1 503 79 
1 503 102 
1 483 121 
809 
3 609 107 
5 271 167 
1806 4714 147 
| 4 523 115 
2 139 142 
4 358 82 
2 903 94 
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the cause of the breaks of the cement-lined pipe, and their replies 
as to the cause were the same as what we told you Saturday night. 

“Tam also enclosing a clipping from the 1885 report which may 
be of some interest to you in regard to the cause of the pipe giving 
out. We have had no trouble with the large main from the ponds to 
the pumping station except a few leaking joints on the 20-inch 
pipe from the pumping station to the reservoir; and one burst on 
the 22-inch pipe from Birch Pond to the pumping station. The 
latter was supposed to be caused by some repairs being made 
on one of the gates in the gatehouse at that time. Since 
that time we have had no further trouble from this pipe. I would 
seriously recommend relaying the 20-inch pipe from the pumping 
station to the reservoir as soon as possible, as any trouble on this 
main might cripple our water supply to the city.”’ 


The clipping states that a number of leaks were caused by pick 
holes made during excavation for sewers, but that the worst bursts 
have been where the pipe has been damaged in previous years 


by excavation and covered up without giving notice of injury. In 


other cases the fault is from carelessness in laying the pipe, either 
not using a sufficient quantity of cement in covering the pipe or 
injuring cement while green in backfilling trenches. 

The inner layer of cement was usually about one-half inch 
thick; the outer layer varying from one-half inch to three-quarters 
inch except at the bottom, where a sort of base was made. 
The pipe was received with the inner coating in place, was laid 
in a bed of cement in the trench, and then the outer cement cover- 
ing put on by hand with rubber gloves. 

In some places the covering is a good deal thicker than in others. 
In all cases Rosendale cement was used. 

The cause of bursts is some flaw in the cement coating 
which allows the iron to gradually rust. In some cases the break 
is a small roundish hole; in others, a longitudinal crack. Where 
cracks occur, they are almost always longitudinal and seldom 
transverse to the pipe. 

The joints were made by butting two lengths of pipe together, 
wrapping with a sheet of rubber, and winding the rubber with 
rope; then the whole was. smeared with the Rosendale cement and 
a sheet-metal sleeve pushed over the joint outside the rope, and 
finally the whole covered with cement. The joints seldom give 
trouble and seem to be stronger than the main pipe. 


‘ 
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Service taps are made by removing a little cement and punching 
out a hole in the iron, then the connection is soldered, using a 
soldering iron. The hole is then finally sealed with cement. These 
taps do not give trouble and do not seem to at all weaken the pipe. 

The pipe laid in later years, 1881 to 1883, was covered with a 
black asphalt paint, and this seemed to considerably retard rust 
and make the pipe more durable. 5 

The experience at Lynn was that for the first fifteen to thirty 
years there was not much trouble from bursts, then the pipe began 
to go and sections would frequently burst at so many places within 
a few years that they had to be removed as promptly as possible. 
It is said that pipe was first laid by contract and was not as well 
done as that put in later by the city, and consequently gave more 
trouble. 

There is a 16-inch pipe from the pumping station to the reservoir 
which it is thought has never burst, to the best of the recollection of 
Mr. Sutherland and his son. The 22-inch from Birch, and the 
18-inch from Breed, which are under light pressure, have never 
burst. 

When there was a good deal of the pipe in use, breaks frequently 
occurred during fires. They are not now so common as the cement- 
lined pipe has been removed largely from the business sections, 
where most of the serious fires occur. 

In the city streets the digging for sewers and other purposes does 
not disturb the cement pipes and cause breaks. Wherever cement 
was put on in a thorough manner, it is found, on knocking it off, 
that the pipe underneath is bright, with a bluish tinge, seemingly 
in just as good condition as when it was put in. 


Test of 16-inch and 4-inch Cement-Lined Pipe, from Lynn, Mass., 
Water Works. 


Specimens of the plate and longitudinal joints were secured and 
tested in a Riehle machine at the Massachusetts Institute of 
Technology, through the kindness of Professor Miller, and with the 
assistance of C. W. Mowry. These samples were more or less 
pitted and weakened on the surface by rust caused by exposure to 
weather, with the outside coat of cement removed. 
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The 16-inch pipe was laid in 1870 and remained in service until 
last fall. The shell is said to be sheet iron. It is riveted longi- 
tudinally by a single riveted lap joint. Each length of pipe con- 
sisted of 3-foot sections riveted together by single riveted lap 
joints. The rivets were iron and were riveted cold. The joints 
between lengths were made as described above. 

The 4-inch pipe was probably laid about 1881-1883. The shell 
is said to be sheet iron. It is riveted longitudinally by a single 
riveted lap joint. The rivets were iron and were riveted cold. 
The joints between lengths were made in the same manner as in 
the case of the 16-inch pipe. 


16-Inch. 4-Tneh. 
of 174 inches 4? inches 
Pitch of rivets in longitudinal joint, 1 
Pitch of rivets in ring seam....... 


Resutt or Test, 16-INcu Pipe. 
Tensile Strength per Inch of Width of Plate. 


Strength of Longitudinal Joint per Inch of Width of Plate. 

First specimen.......:..:.... 2057 pounds 


Load on pipe per inch of length, assuming 50 pounds steady water pressure 
on the interior of the iron pipe. No allowance was made for any strength in 
the cement lining or coating. 


Load = Pressure X radius of pipe. 
= 50 X 8.75 = 487.5 pounds. 
Efficiency of Joint. 
Strength of joint 2012 


Efficiency = Strength of plate ~ 2941 ~ 0.68 
= 68 per cent. ; 


. 
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Factor of Safety. 


Strength of joint 2012 
Load on pipe 487.5 
Resvutt or Test, 4-INcH 
Tensile Strength per Inch of Width of Plate. 


First specimen 781 pounds 


Strength of Longitudinal Joint per Inch of Width of Plate. 


First specimen 


’ Load on pipe per inch of length, assuming 50 pounds steady water pressure 
on the interior of the iron pipe. No allowance was made for any strength in 
the cement lining or coating. 
Load = Pressure X radius of pipe. 
= 50 X 2.375 = 119 pounds. 


Efficiency of Joint. 
Strength of plate _ 831 _ 98. 
Strength of joint 844 - 
= 98 per cent. 


Efficiency = 


Facior of Safety. 


Strength of joint 
Load on pipe 


Factor of safety = 


The failure of the plate in every instance was indicated by a 
sudden halt or drop in the scale beam showing practically no 
elasticity in the plate. In every fracture the lamina could be 
plainly seen and presented an appearance very much like wrought 
iron or mild steel. 

The riveted joints failed by a bending action, which threw an 
eccentric load on the rivets. One side of the rivet was thus in 
tension and some were pulled apart, while the heads of others were 
pulled through the plate. 

The joints between the lengths were made in such a way that 
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they could transmit practically no tension, and, therefore, the 
stress in the ring seam would be insignificant and can be neglected. 


Effect of Lightning on Cement-lined Pipes at Lynn, Mass. 


The following information: was obtained by interviews with the 
superintendent and employees of the Lynn Water Works. No case 
of damage to cast-iron pipe caused by lightning could be recalled 
by them. 


Chatham Street. (About 1896.) The 6-inch pipe in Chatham 
Street near Oakwood was struck by lightning. This caused a 
break necessitating the replacing of an 8-foot length of 6-inch 
cement-lined pipe. It was relaid cast iron. 

Essex Street and Vicinity. (About 1898.) About ten years ago 
lightning struck in several places in the vicinity of Essex Street. 

The following is a list of the locations of the breaks, and 
damage done. 


Size. Repairs. 
8inches One 8-foot length replaced by 
cast iron. 
One 8-foot length replaced by 
cast iron. 
Essex (near Highland Avenue). . One 8-foot length replaced by 
cast iron. 
Highland Avenue (near Essex). . One 7-foot length replaced by 
cast iron. 
Highland Avenue (near Adams).. Four or five 7-foot lengths re- 
placed by cast iron. 
Adams from Highland Avenue 
to Rockaway Street About fifteen breaks were either 
repaired or the pipe replaced, 
but finally it was necessary 
to relay all of the cement 


pipe. 
Rockaway, between Adams and 
High Rock Six or seven 8-foot lengths re- 
laced by cast iron. 
High Rock, Rockaway to Acorn, All replaced by cast iron. 
Adams, corner Rockaway Gate roken. 


Storm of June 7, 1904. In 1904 lightning caused breaks in 
Chatham, Ingalls, Ocean, and Acorn streets. The following list 
was obtained from expense slips of the department. This list 
shows the extent that cement-lined pipe is damaged upon being 
struck by lightning. One break will be repaired, the water turned 
on, and then the pipe will give way in some other place. 
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Chatham Street near Massachusetts Avenue, 6-inch pipe. 


Cost. 
June 7.................. Replaced one 8-foot length, $23.18 
$62.36 
Ingalls Street, 6-inch pipe. 
Replaced four 8-foot lengths, $33.54 
Repaired split pipe, 13.87 
78.90 
Ocean Street, 6-inch pipe. 
Replaced one 8-foot length, 15.41 


Acorn Street. There were fourteen or fifteen breaks in the 4- 
inch pipe. These were repaired or replaced by cast iron. The 
pipe was finally replaced from High Rock Street to Hollingsworth 
Street before it could be placed in service for any length of time. 
No record of these repairs could be found. 


Laconia Court. (September 4, 1907.) 
The damage here necessitated relaying three 7-foot lengths of 


4-inch pipe. 


MancuHesTeR, N. H. (Information from Supt. Charles K. 
Walker.) 

In 1900 Manchester had a population of 56987. Water was 
introduced in 1872, cement-lined main pipe being used. In 1877 
the further use of this pipe was abandoned and the work of replace- 
ment begun. Trouble in making repairs is given as the reason for 
replacing with cast iron. The last of the old pipe, with the excep- 
tion of 4 miles, was removed about ten years ago. The remaining 
4 miles is still in use; part of the old pipe is used as a force main and 
part as a main from reservoir to city. The old force main-was 
provided with cast-iron bells and lead joints. It is under a pres- 
sure of about sixty pounds. But one accident from lightning is 
recorded. At the time-the work of replacement began there were 


a 
| 
° 
org 


METCALF. 35 


about twenty-six miles of main pipe in the city. No records are 
kept of the cost of making repairs. 


Moorestown, N. J. (Information received from Mr. S. K. 
Robbins, secretary and treasurer of the Moorestown Water 
Company.) 

“‘ We have used the cement pipe exclusively since the plant was 
first constructed in 1888, and found it very satisfactory. Pipes 
laid in 1888, which were disturbed and broken recently in laying 
a sewer, were found in excellent condition. Of late we have had 
trouble in making joints, and have been compelled to wrap all 
joints, an expensive method, which, added to the increased cost 
of pipe, makes the cost of putting it in so excessive that we are 
seriously thinking of abandoning it and laying iron pipe hereafter. 

“‘ Another objection is lack of coniidence in the ability of this 
pipe and joints to withstand a pressure of 100 pounds. Our 
system has never been subjected to this without disastrous 
results to joints.” 


PitTsFIELD, Mass. (Information from Mr. A. A. Fobes, formerly 
city engineer.) 

The works were built in 1855 of wrought-iron cement-lined 
pipe, which has been entirely replaced by cast-iron pipe. 

The Water Commissioners stated under date of April 13, 1868, 
in their annual reports: 

“ But it is a fact which cannot be disguised that in this town 
they [cement-lined pipe] have failed; and the commissioners think 
in consequence of the following reasons: 

“ The mains were not laid deep enough. 

“ The sleeves connecting the joints were in a great many in- 
stances very carelessly put on. 

“ The sections of the mains were not always put evenly together. 

“The water was let into the mains before the cement had 
thoroughly hardened. When the pipes were first filled, the water 
was let on with full force, without proper precaution, and the pipes 
were much injured.”’ 

The general causes leading to the reconstruction of the pipe of 
the system with cast-iron pipe appear to have been injury due to 
freezing on account of the shallow depth of the trench and poor 
workmanship. 

Some of the reports also mention injury to the mains at 
different times by lightning. 
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The static pressure upon the system averages about sixty 
pounds, the maximum being approximately seventy-seven pounds. 


PriymoutH, Mass. The following information, kindly furnished 
the writer by the superintendent, Mr. Arthur E. Blackmer, speaks 
for itself. Clear, concise, and reliable, it is believed to be some of 
the most valuable data published thus far upon wrought-iron 
cement-lined pipe. Mr. Blackmer, and the previous superintend- 
ent, Mr. R. W. Bagnell, should receive full credit for it. 

In substance it may be said of Plymouth’s experience that they 
have a pipe which has given good satisfaction for many years under 
the conditions of their service; they are able to manufacture and 
lay it with some degree of economy; the maintenance of it is 
neither excessively expensive nor annoying; it furnishes them with 
clear, clean water; the friction loss in it does not appear to be 
excessive, and the original diameter of pipe remains substantially 
unchanged after years of service. Hence they naturally have no 
cause to regret the adoption of cement-lined pipe and have no 
hesitancy in continuing its use. 


[copy.] 
WaTER Works. 
PuiymovutH, Mass., February 4, 1908. 
Mr. E. V. Frencn, Boston, Mass. 


Dear Sir,— Your letter of inquiry regarding cement-lined pipe 
at hand. Iam pleased to answer your inquiries as far ar I am able. 
I can, perhaps, give you our experience with cement-lined pipe 
best by giving you a brief history of the Plymouth water works. 

_ In 1855, when the town took over the water works from a private 
company, the first cement-lined pipe was laid, 10 inches in diame- 
ter, from Little South Pond (about 17000 feet from the center 
of the town, and 105 feet above mean low water) to a distributing 
reservoir in the center of the town. The distributing pipes, of 4- 
inch and 6-inch sizes, laid at the same time, were also cement lined. 

In 1885, the gravity supply through the above-mentioned 10-inch 
line proving insufficient, a pump was installed at Lout Pond, on 
the line of the 10-inch main, about half way between town and 
Little South Pond. A check valve was placed on the 10-inch line, 
and the pump took water from the 10-inch main above the check 
valve, and forced it to town below the check. During the time 
the pump was in operation the distributing reservoir was cut off. 
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A few years later a high-service reservoir, 165 feet above mean 
low water, was built near the pumping station, and at the same 
time a 16-inch cement-lined main was laid from Little South Pond 
to the station, and a 14-inch cement-lined main from the station to 
the distributing reservoir in town. At this time the town was 
divided into high- and low-service districts, the low-service being 
supplied through the 16-inch and 14-inch mains, and low-service 
reservoir near town; the high-service was supplied by pump, high- 
service reservoir, and 10-inch main; and these have been the 
conditions up to 1907. 

The 16-inch and 14-inch mains above referred to, as far as I can 
ascertain, have never been repaired. The 10-inch main from high- 
service reservoir to town has given considerable trouble during the 
last five years, and we replaced it last year by a 16-inch main, of 
the Phipps patent, or double pipe, as it is sometimes called. 

The 16-inch pipe we manufactured in our own workshop, and in 
the coming spring we are to manufacture some 18-inch, to lay from 
the pumping station to Little South Pond, replacing the 10-inch 
laid in 1855. We have about fifty miles of cement-lined mains 
now in use, some of the old style and some of the new. 

Our chief, in fact our only, trouble with new style pipe thus far 
has been with cemented joints, and a leaky cement joint will 
make itself known at once. 

On the new 16-inch main referred to, laid in 1907, 6 800 feet have 
been in use since December 15 and not a leak has thus far developed. 
I think you assigned the correct reason for a great deal of the 
trouble that has arisen through the use of the old style cement 
pipe, that is, defective w orkmanship, in both making and laying 
pipe, as we have found holes rusted through the iron ‘shell, due to 
imperfect lining, or imperfect covering of the pipe in the trench. 
This refers of course to our old pipe. 

With our present method of lining and covering the shell, we 
reduce these imperfections to a minimum, if, indeed, we do not 
entirely eliminate them. We of course have a great advantage 
over cast-iron pipe in point of cost, for the 16-inch we have just 
made and laid cost us $1.24 per foot to make, which I believe was 
a saving of about 50 per cent. over cast-iron pipe of same size last 
October. 

There is another point which, it has always seemed to me, has not 
received sufficient attention in any discussion of the relative merits 
of cast-iron and cement-lined pipe, if I may take your time for a 
hypothetical discussion. 

Assume a town of, say, 15000, to have 50 miles of pipes, and 
assume again (which I am not ready to admit) that it is desirable 
to limit cement-lined pipe to 100 pounds pressure, and cast-iron 
to 150 pounds; would the fire protection of that town for a period 


= 

“3 
5 

= 


38 WROUGHT-IRON CEMENT-LINED WATER PIPE. 


of, say, thirty years be any more efficient with its 50 pounds addi- 
tional pressure on cast-iron mains and distributing pipes, more or 
less encrusted as they are bound to be during that period, than 
would the 100 pounds on the cement-lined system, which we are 
absolutely sure would retain its original size during the same 
period?* I am, of course, aware that the above question is not 
susceptible of exact analysis, but I believe. it is a point that is 
frequently overlooked. With reference to further information on 
this subject would say that the American Pipe Manufacturing 
Company, of Philadelphia, own several systems in which they 
have cement-lined pipe, and Mr. E. H. Phipps, St. Paul Building, 
New York, may be able to inform you further. 


Yours very truly, 
A. E. BLACKMER. 


MANUFACTURE AND USE OF CEMENT-LINED PIPE AT PLYMOUTH, 
MASS. 


Plymouth is a town of about eleven thousand inhabitants and 
has had a water supply since 1796. Until 1855 the water was 
supplied to the town by a private company and the pipes they 
used were wooden logs with holes bored in them. In 1855 the 
town purchased the plant from the Aqueduct Company, and the 
use of cement-lined pipe in Plymouth dates from that period. 

At that time about sixteen thousand feet of 10-inch pipe was 
laid and several thousand feet of 8-inch, 6-inch, and 4-inch pipe 
were laid for the distribution system. Practically all of the pipe 
laid at that time is still in use. 

The pipe as then manufactured consisted of a sheet-iron shell 
about 9 feet in length, lined on the inside with about one-half inch 
of cement mortar, composed of cement and sand in proportions of 
1 to 1. The pipe was then laid in a bed of cement mortar in the 
trench, ends butted together, with a steel sleeve or collar at each 
joint. The top and sides of the pipe were then covered with two 
or more inches of cement mortar, all of the same proportions as 
used for the lining, and a cement-mortar joint was made at each 
joint of the pipe. 

This pipe is still in use and withstands a varying pressure in 
different sections, from a few pounds to about fifty pounds. 

*See also concluding discussion, bearing upon coefficient discharge at Plymouth, on 
page 63. 
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In 1900, somewhat over forty miles of pipe from 4 inches to 20 
inches in diameter wasin use. At this time a change in the method 
of making the pipe was introduced, and for the past seven years 
all extensions have been made with a pipe manufactured in the 
local water-works shop, which is furnished with mechanical de- 
vices and power machinery necessary for economical manufacture. 

The following description, with the accompanying photographs 
of the pipe as at present made, will, it is hoped, make the present 
method of construction clear. The pipe consists of a shell, a jacket, 
male and female rings, and sleeves. The shells and jackets are of 
soft steel and are received at the shop in flat rectangular sheets of 
proper size and gage. The photographs show the construction 
of some 18-inch pipe made at the water-works shop. For the 
shells of this pipe about thirty tons of steel sheets of No. 13 gage 
were used, at a cost of about fifty dollars per ton for the sheets. 

The gage of the sheets used for the shells of pipes of different 
sizes varies with the size of the pipe from No. 13 gage for 18- and 
16-inch pipe to No. 20 for the smallest sizes down’to 4-inch. 


24-inch 


The jackets are all No. 26 gage iron. Plate I, Fig. 1, shows the 
sheets in the shop ready to be made up into pipe, and one shell 
going through the punching machine. 

The operation of making the pipe is as follows: 

The shells are punched in the punching machine shown in the 
illustration; the spacing of the rivet holes is ? inch from center to 
center, the edge of the rivet hole being $ inch from the edge of the 
sheet. The sheets are then put into the rolls and given a semi- 
circular form, as two sheets are used for the manufacture of one 
shell for the 18-inch pipe. After being rolled, the shells are 
riveted by hand, using 816 rivets with a 34-pound hammer, on a 
stake, so-called, which is simply a bar of iron about ten feet long, 
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the upper surface of which is curved to approxjmately the same 
radius as the shell of the pipe which is to be riveted. The jackets 
are punched, rolled, and riveted in precisely the same manner as 
the shells and are 14 inches larger in diameter. (Plate I, Fig. 1, 
shows quite clearly the riveting process.) 

The rings are of cast-iron, a male ring for one end of the shell and 
a female ring for the other, the female ring being concave and the 
male ring convex, thus enabling a very tight joint to be made when 
the pipes are fitted together in the trench. About thirty tons of 
these rings were used in the manufacture of 16- and 18-inch pipe 
during the past year and the cost of the rings was 4 cents per 
pound. : 

The next operation, after the shells are riveted, is the fitting in 
of the rings, and as they are made just for a driving fit into the 
shell they are driven in by use of the maul. After the rings are in 
place the shells for the 18-inch, 16-inch, and 14-inch pipes are 
lined by hand, and the smaller sizes of shell from 12-inch to 4-inch 
are lined by meafis of a revolving cone. Neat Rosendale cement 
is used in lining. About three thousand barrels of cement have ™ 
been used during the past year in the manufacture of pipe, and the 
cost was $1.20 per barrel, delivered at our shop. 

When the shells are ready to be lined by hand they are placed 
horizontally on two horses. A man stands at each end of the pipe 
with a long-handled pallet knife, so-called, to spread the cement 
smoothly in the pipe. This knife is simply a flat blade about one 
and one-half inches wide and four inches in length, with a handle 
about four feet long. The cement for lining is mixed by hand in 
mixing boxes, and there are two men to mix for the two men who 
line. As the pipe lies on the horses it is lined for its whole length and 
half way up each side. Then the cement is allowed to set, after 
which the pipe is rolled over and the remaining half lined. After 
the cement has been smoothly spread about one-half inch thick, on 
the inside of the pipe, any irregularities which appear are corrected 
by the use of the “ nigger-head,” which is a stiff brush on the end 
of a long handle. This brush in the hands of a skillful workman 
can bring the interior of the cement pipes to a very smooth surface. 

At this point it may be well to describe the operation of lining 
the smaller sizes - pipe. The shells having been punched, rolled, 
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PLATE I. 


Fic. 1. PUNCHING THE SHEETS, 


Fie. 2. ror SHAPING THE SHEETS. 
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PLATE II. 


Fie. 1. RIVETING THE PIPE. 


Fie. 2. PurrinG In CEMENT LINING. 
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PLATE III. 


Fie. 1. PutTring OUTER SHELL ON PIPE; PREPARING FOR POURING 


Fie. 2. STACKING AND PAINTING PIPE IN YARD, 
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and riveted, and rings put in in precisely the same manner as previ- 
ously described, are stood upright on an elevator which descends 
into a pit. In this pit is the cone, so-called, which has an external 
diameter equal to the internal diameter of the shell when lined, — 
in other words, about an inch smaller in diameter than the shell — 
placed and held directly over it on the elevator. The cone re- 
volves on a vertical axis and cement mixed by machinery is put in 
at the top of the shell as it stands on the elevator over the cone. 
The top of the cone, extending for a few inches into the bottom of 
the shell, holds the cement from falling through into the pit. The 
elevator holding the shell is then lowered and the cone revolving at 
the same time spreads the cement smoothly and uniformly on the 
inside of the shell. 

The next operation is filling and grouting the pipe. The shells 
are stood on end around the edge of a platform which is about six 
feet above the floor. A clamp is placed around the bottom of the 
shell about eight inches from the lower end, and the jacket lowered 
from above fits into the clamp at the bottom. The jacket is kept 
symmetrical with the shell at the bottom by means of this clamp, 
and at the top by means of four wedges. The grout is merely a 
mixture of neat cement and water, mixed to such a consistency that 
it will pour readily, and is mixed by machinery in a cylindrical 
mixer which has four paddles. After being thoroughly mixed, the 
grout is poured into a metal bucket which is suspended by a chain 
with a wheel and is carried on a track around the platform. The 
grout is poured from the bucket between the shell and jacket of the 
pipe that has been stood around the edge of the platform. After 
the grout has been poured, the pipes are allowed to set twelve hours, 
when the cement is usually hard enough to permit of handling 
them. Plate III, Fig. 1, shows the method of placing the jackets 
and pouring the grout in the pipe. The pipes are then loaded upon 
a truck as shown in the photo, taken to the yard, cleaned, and 
painted with a coal-tar paint. After staying in the yard about 
two weeks they are sufficiently hard to permit of being loaded upon 
a wagon and carted to the trench. 

Tables Nos. 1 and 2, which follow, show respectively the cost of 
making and laying the largest cement-lined pipes which have been 
made at Plymouth. Town labor, only, is used, and $2.00 is the 
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Recorp oF LEAKS AT PiymMouTH, Mass. 


No. Miles No. Leaks Total Cost Cost per Cost per 
Year. Pipe. No. Leaks. per Mile. Leaks. Mile. Leak. 
1874 9 $47.30 
1875 53 249.45 
1876 8 42.75 
1877 9 42.87 
1878 14 43.05 
1879 7 23.25 
1880 19.6 57 2.85 253.11 $12.90* $4.44 
1881 20.34 72 3.54 321.06 15.74 4.46 
1882 20.54 33 1.6 159.22 7.75 4.83 
1883 20.85 22 1.05 159.52 7.65 7.26 
1884 21.52 46 2.13 263.46 12.24 5.73 
1885 21.75 30 1.32 174.28 8.01 5.81 
1886 23.6 38 1.61 231.91 9.82 6.10 
1887 27.37 «55 2.0 385.64 14.097 7.02 
1888 28.21 89 3.15 592.29 20.96 6.66 
1889 28.7 31 1.08 261.90 9.13 8.45 
1890 29.05 32 1.1 150.63 5.18 4.71 
1891 29.23 35 1.18 201.79 6.90 5.77 
1892 32.00 35 1.09 207.83 6.49 5.94 
1893 33.09 39 1.11 204.74 6.19 5.24 
1894 33.4 41 1.22 241.02 7.22 5.88 
1895 , 34.32 34 .99 179.91 5.24 5.29 
1896 34.45 46 1.34 310.13 9.00 6.74 
1897 35.00 50 1.43 389.10 11.12 7.79 
1898 35.17 42 1.2 232.84 6.62 5.54 
1899 36.07 109° 2.71 468.42 12.98t 4.30 
1900 37.33 58 1.55 402.35 10.78 6.94 
1901 44.43 102 2.29 733.42 16.508 7.19 
1902 45.56 81 1.77 782.07 17.16 9.66 
1903 45.8 54 1.20 496.81 10.90 9.20 
: 1904 46.44 59 1.27 438.75 9.44]| 7.44 
1905 46.88 41 .87 516.40 11.02() 12.60 
4 1906 47.33 25 53 315.40 6.67 12.61 
‘ 1907 49.43 26 52 622.45 12.56** 23.92 
Average, 33.12 49.36 1.49 $349.86 $10.56 7.09 
(1880-1907.) 


*1880. Pump started April, 1880. ~ 
+1887. High service put on December 20, 1887, causing many extra leaks in pipe 
thirty-four years old, never before exposed to high pressure. 
1899. Lightning caused 30 or 40 leaks. 
1901. Twelve leaks occurred in old 2-inch galvanized iron. Since replaced. 
11904 and 1905. Extremely cold; frost many places 5 feet deep; 360 feet pipe 


owered. 

** 1907. This year one leak was very expensive. Frost was 5 feet deep. Leak did not 
wae — for several days, causing a settling in sidewalk and street, which had to 
replaced. 
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wage paid for a working day of eight hours, for each laborer. The 
foreman receives $3.00. 

The pipe-making gang numbers about sixteen men, but only four 
are kept on the regular gang and the others are hired as they are 


needed. 

Upon friction loss in their cement-lined pipe, Mr. Blackmer 
says, — 

“‘T find.in our records a report made to the Plymouth Water 
Commissioners by Mr. Clemens Herschel, dated September 1, 
1875. In this report he states that he measured the discharge 
of our 10-inch main from Little South Pond to our distributing 
reservoir in town, a distance of about 16 000 feet under a six-foot 
head, and found it to be about 10 500 gallons per hour. 

“Tf I have made no error in computation, this corresponds to 
a value of C=93 in the Chezy formula. [This corresponds to 
C=103, approximately, in the Hazen and Williams formula. 
L. M.] 

“T have also a section of 10-inch main (now being replaced by 
18-inch) from Little South Pond to our pumping station at Lout 
Pond, a distance of 7 500 feet. This main discharges freely into 
Lout Pond under a head of approximately 18 feet, but subject 
to some variation. Lout Pond is about fifteen acres in extent, 
with a very small watershed. For two years I have kept daily 
records of the height of this pond and put it on a sheet with our 
daily pumping record. From this sheet it is apparent that when 
our daily average pumping exceeds 750000 gallons, Lout Pond 
falls, and when our pumping falls below 700000 gallons, Lout 
Pond rises. I have assumed from this (but with what per cent. 
of error I do not know) that the capacity of this 10-inch main 
was between 700000 gallons and 750 000 gallons in’ twenty-four 
hours. Assuming that 725 000 gallons is approximately correct, 
I obtain a value of C=90 in Chezy formula. [This corresponds 
to C=109, approximately, in the Hazen and Williams formula. 
L. M.] 

“ T am aware that these data may not be exact, but they are all 
that appear to be on record, and:I hope may be of interest to 
you. 


PorTLAND, Me. (Information developed in the valuation pro- 
ceedings in the suit of the Portland Water District v. Portland 
Water Company et als., March, 1908.) 

In the years 1868-9 the Portland Water Company laid a 20- 
inch wrought-iron cement-lined supply main, about 15.2 miles 
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long, from Sebago Lake to the city of Portland. Data as to the 
‘cost of this main are unfortunately lacking. 

In the years 1875-9, however, a second wrought-iron cement- 
lined supply main was laid from the lake to the city. The upper 
portion of this, approximately 33 miles in length, was 26 inches in 
diameter; the lower portion, approximately 11.4 miles in length, 
24 inchesin diameter. The actual cost of this compound main was 
fortunately developed from the books of the company and is 
given in substance below, as some of the unit costs to be derived 
therefrom are interesting and valuable. 

(The original pipe distribution, comprising pipes from 4 to 16 
inches in diameter, was also laid of wrought-iron cement-lined pipe, 
but substantially all of this was abandoned within a period of 
twenty years, and relaid with cast-iron pipe, and figures of its cost 
are not available.) 

It should be stated that the static pressures upon this supply 
main are approximately as follows: 


4 miles, under Q- 40 pounds pressure per square inch. 
60 


” ” ” ” ” 


60- 
80-100, 
100-120 


The main is siated to have been built with a factor of safety 
of approximately 3, but the computation of the factor of 
safety under several assumed heads indicates that the actual 
factor of safety is probably not in excess of 1.5 at the points of 
maximum pressure, assuming always static pressures, and ignoring 
alike the decrease in pressure due to friction and the increase in 
pressure due to water hammer or other causes. 


STRENGTH OF RIVETING OF WrRovuGHT-IRON CEMENT-LINED PIPE BETWEEN 
LAKE AND PoRTLAND. 


Wrought-iron plate, No. 12 and No. 14 gage; tensile 
strength 60 000* lbs. per sq. in. 
Wrought-iron plate, No. 12 and No. 14 gage; bearing 
strength 
Rivets of wrought iron; shearing strength 
For field riveting, allow, shearing strength 
Efficiency of best single riveted joint 
Efficiency of best double riveted joint 


* For ¥ inch and heavier plate, tensile strength= 50 000 Ibs. per sq. in. 


i 4.9 ” ” ” ” ” ” 
2.3 ” ” . 5 ” ” ” 
‘ : 0.9 ” ” ” ” ” ” 
\ 
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March 27, 1908, examined another section of 20-inch cement- 
lined pipe and found following measurement: 
Internal diameter of wrought- 


iron cement-lined pipe...... 193 in. and 193 in. 24 in. 26 in. 
External diameter of wrought- 

OL JOU Slip Sleeve Sleeve 
Gage of plate nt - 14 12 12 
Thickness of plate. . ee 0.083 in. 0.109 in. 0.109 in. 


Under Assumed Head of 250 Feet (= 108 Pounds per Square Inch) from 
Sebago Lake: 


as on plate, pounds per square 


14 200 ‘12 900 (Note A below) 
Sestan of safety (60 000)......... 2.3 2.6 
Shear upon rivets, pounds per 
Factor of safety (40 000)........ 1.4 3.1 
Bearing upon plate, pounds per 
Factor of safety, (60 000) (Based 
on 100 000 pounds = 1.4) .... Failure L7 
Under Assumed Head of 200 Feet (= 87 Pounds per Square Inch) from 
Full Standpipe. 
PENSION 11 400 10 400 (Note A below) 
Factor of 2.8 . 3.2 
Factor Of safety... 1.6 4.0 
Sees of safety (Based on 100 000 


Under Assumed Head of 150 Feet (=65 Pounds per Square Inch) from 
Bramhall Reservoir. 


Penman on Wate, 8 500 7 700 (Note A below) 
Some of safety (Based on 100000 


Note: No allowance for water hammer. A factor of safety of 1.0 is equiva- 
lent to failure. 
Nore A. The 26-inch is under very small pressure. 


In comparison with these factors of safety of 14 to 3 or more, it 
should be noted that modern steel pipes are usually built with a factor 
of sajety of 5 (or at least 4) and cast-iron pipes with a factor of safety 
of 15 more or less. 
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COST OF BUILDING 24-INCH WROUGHT-IRON CEMENT-LINED SUPPLY 
PIPE FROM END OF 26-INCH PIPE ON WARD’S HILL TO THE CITY 
OF PORTLAND. 


Length, 60 221 feet. 
The work was substantially done in the year 1878-9. 
ActuaL Cost. (1878-9.) 


Rights of way, land damages, ete.. xie $1 579.14 
Cast-iron pipe, specials, castings, alves, 5 024.08 
Wrought-iron sheets for pipe: 
441 502 pounds at 2.43 cents.......... Mae $10 728.50 
Se 44 068.42 
ey pipes 9 feet long: 
1 593 pieces at $2.15, and 
Making joint rings, inside rings, and special rings: 
7 061 rings, weighing 646 310 pounds, at 1.95 cents, approxi- 
Total labor, 24 775 days at $1.28 approximate average; day 
labor being paid from $1.00 to $1.25; foremen, $3.50......... 31 807.11 
Engineering, incidentals and miscellaneous expenses, amount- 
ing to 8.32 per cent. approximately...................... 10 919.67 
: $143 913.92 
Equivalent cost per foot for year 1908 (estimated)........... $3.02 


COST OF BUILDING 26-INCH WROUGHT-IRON CEMENT-LINED PIPE 
FROM SEBAGO LAKE TO THE JUNCTION ON WARD’S HILL WITH 
24-INCH PIPE LEADING TO THE CITY OF PORTLAND. 


Length, 18 450 feet. Date of construction, 1875-6. 
Equivalent 


Per Lb. Actual Cost Prices as 
Cents. in 1875-6. of 1908. 


Wrought iron sheets, No. 12 Birmingham 

gage, 635 679 pounds cos 3.32. $21 230 $18 670 
Trimming, rolling, riveting, and finishing 

2 066 pipe 9 feet at $2.50, 

oy to.. 0.78 5 020 4 430 
i 5 590 4 920 


71 391 $79 531 


Equiv. rate per 1875-6............ 5.0 
es Cement (Rosendale), 74 071 barrels at $1.36 and ‘ 
608 1074 
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Cost per foot (including 11.4 per cent. for engineer- : 


The cost of this 26-inch pipe line was excessive, owing to deep 
cut work, a considerable amount of which was in quicksand. 

Mr. Allen Hazen, member of this Association, who was one of the 
engineers retained by the Water District in the valuation of the 
Portland water works, made the following interesting analysis of 
these items of cost: 

Estimate or Cost or REepropucING CEMENT-LINED at PorRTLAND. 


26-INCH. | 24-INCH, | 20-INCH. 


Actual Estimates| | Estimates | Estimates 


Price and | Price and| for — for 
uantity.| ent Con- ity,| ent Con-/| ent Con- 
| ditions. | ditions. ditions. 


Cost of sheets, per pound . . ./ $0.0342 | $0.0275 | $0.0233 | $0.0275 | $0.0275 
Cost of cement, per barrel....| 1.40 1.00 0.98 1.00 1.00 
Cost of joint castings, pound,) 0.0280 | 0.0275 | 0.0195 | 0.0275 0.0275 
Cost of making pipe, per 

Barrels cement per foot...... 0.310 
Weight joint rings, pounds...;71.0 | ...... 70.0 

Cost per linear foot of: 

$1.26 $1.02 $0.73 $0.86 $0.58 

Making pipe............. 0.28 0.46 0.23 0.39 0.26 

Joint castings............ 0.23 0.23 0.21 0.29 0°23 

0.57 0.40 0.33 0.34 0.31 

Gates, valves, etc:....... 0.05 0.04 0.08 0.07 0.06 

Labor and laying........./ 1.48* 2.22 0.53 0.80 1.25 

$3.87 $4.37 $2.11 $2.75 $2.69 


Total actual cost, including 
all special obstacles, en- 


gineering and contingencies| $3.86 |..... 
Ratio of total cost to sum of 
items above given......... 100 $1.06 


Total estimated cost, includ- 
ing engineering and con- 

Fair value to use is estimate 
on which 14 per cent. for 
engineering and contingen- 
cies is to be added......../..... 2:72 2.50 


* The contract price at ordinary depths of cut, and exclusive of rock, was 70 cents per 
linear foot. The difference, 78 cents per foot, represents the additional allowances for extra 
depth and for rock and for tunnel, and for all contingencies because of the character of the 
ground. These additional costs would eterely besomewhat higher on the 26-inch line than 
on the 24-inch line, and the route of the 20-inch line covers substantially the same space as 


that occupied by both the 26-inch and 24-inch lines. 
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Pitometer gagings were made of the mains from Sebago Lake 
to the city of Portland covering a period of a little over one month, 
March, 1908. From these the following coefficients of discharge 
applicable to the Hazen-Williams hydraulic formula were 
determined: 

26-inch, c= 100, 

24-inch, c=100, 

20-inch, c= 90, 
but there was reason to believe that there was an unknown cross 
connection from the 26-inch and 24-inch compound high-service 
line to the 20-inch low-service pipe line. This makes it probable 
that the actual coefficient (jor Hazen-Williams’ formula) was about 
c = 95 jor all three of these pipe lines. 

This coefficient is as low as would be expected from cast-iron 
pipe of like age and was a surprise to the engineers, who had looked 
for a coefficient of from 110 to 120. The low value is probably to 
be accounted for, in part at least, by the internal restrictions at 
the pipe joints, which were plastered inside after laying, and to 
a slightly smaller actual than nominal diameter (the coefficient 
being figured upon the nominal pipe diameter). 


REVERE AND Savueus, Mass. (Information from Supt. A. S. 
Burnham.) 

The town of Revere had a population of 12 659 in 1905. The 
town of Saugus had a population of 6 253 in 1905. The water- 
works system was installed in 1884, the main pipe being cement 
lined. In 1894 further employment of this kind of pipe was 
abandoned, the reason given by the superintendent being that 
the price of cast-iron pipe sunk to a point where competition with 
cement-lined pipe was possible. 

The original works were controlled by a water company and 
were taken over by the town in 1905. No records previous to this 
time were obtainable from the present management. At the 
present time there are about 18 miles of cement-lined pipe ranging 
in size from 4 inches to 16 inches, and 19 miles of cast-iron pipe. 

The superintendent states that he remembers a case about 
fourteen years ago, the exact date being forgotten, when lightning 
struck a house and followed the service pipe into the main and 
disrupted the joints of five or six lengths of pipe. 
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A rough summary of the repair account for ‘two years, taken 
from the books of the Water Department, is given in the follow- 


ing table: 
TEN Monrus oF 1905. 


Cost of Repairs 
No. of Cost of Miles of per Mile 
Leaks. Repairs. Pipe. of Pipe. 
Cement-Lined Pipe........... 19 , $245.00 18 $13.60 
Cast-Iron 6 37.00 18 2.05 

For THE YEAR 1906. 

Cement-Lined Pipe........... 9 $63.00 18 $3.50 — 

4 14.00 19 0.74 


Average pressure, 70 pounds. Average age of pipe, 19 years. 


Riverton, N. J. (Information received from Mr. Howard 
Parry, superintendent of the Riverton and Palmyra Water 
Company.) 


“We have used the Phipps patent cement pipe, as manufac- 
tured by the American Pipe Manufacturing Company of Phila- 
delphia, Penn., nearly exclusively. 

“We have about twenty-two miles of pipe in our system — 
it is all cement (except about two miles of 4-inch cast-iron) that 
was ‘put in on the outskirts of our town, and paid for largely by 
the consumers we were supplying, iron being down in price to 
less than one cent a pound at that time. Our company was 
incorporated in 1888, and the works were built in 1889. The 
cement pipes, 4-inch, 6-inch and 8-inch, put down in 1889, are 
just as good now as when first laid; the 16-inch, put in recently, 
seem also to be O.K. We have had occasion to put in two fire 
hydrants within the last ten days, which necessitated cutting 
the pipe to put in the specials. We found this cement pipe in 
perfect condition, perfectly smooth inside. No filling up. Same 
diameter as when laid. The cement gets harder and better with 
age — as our engineer reports when drilling for new taps. We 
have no leaks to speak of. I do not believe they will average 
one a year on our whole system, after the water has been turned 
on and in service. On some of our new extensions there have 
been a few leaks from imperfect joints, which developed when 
the water was turned on, but after they were repaired, we have had 
no further trouble with them. I think a good deal of this trouble 
was caused by an intemperate joint makér. We were told by 
the ‘ cast-iron men’ the life of our cement pipe would be about 
fifteen years; they have been in now eighteen years, and are 
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just as good, if not better, than when laid, at the same price per 
foot. We would not lay another foot of cast-iron pipe. I think 
the Phipps cement pipes are like wine, they get better with age,— 
the older the better. I do not know how they will answer under 
high pressure. Our pressure is low, — from 20 to 50 pounds, 
standpipe pressure, at different parts of our system, — but I 
should think they could be made to stand any pressure needed. 

“* All complaints from rusty water are from those consumers using 
water from the iron pipes. The cement pipe delivers the water 
to the consumer just as clear and pure as when it is pumped. 
We have’as good a pipe as can be laid, and know of none 
better.” 


SPRINGFIELD, Mass. (Information from Elbert E. Lockridge, 
chief engineer. ) 


Letter addressed to Mr. E. V. French, February 10, 1908. 


“ Your letter of February 5, 1908, is at hand. In regard to the 
cement-lined pipe in Ludlow and this city, I am sending you a 
copy of the report of the Board of Water Commissioners for 1876. 
This is a report on the work done in 1875. ‘I call your attention 
particularly to page 23, in which a discussion on the value of 


cement-lined pipe is entered into. The arguments as they appear 
at that time are well set forth between pages 23 and 29. This is 
included in Mr. Phineas Ball’s report. 

“On page 29 you will see some records of some of Worcester’s 
experience, and also a statement of the way cement-lined pipe 
should be laid. On page 45 you will find a table which shows the 
size and amount of pipe laid each year. You will see in this table 
that the 24-inch main line was laid in 1874, with but a few lengths © 
in 1875. The general impression had been, and, in fact, it was the _ 
impression which I had, that most of this was laid in 1875. 
However, this probably is conclusive. 

“On pages 46 and 47 is a list of the cement pipe laid in 1875, 
by streets. 

“Tt is but fair to state that this year we are planning to replace 
a portion of these pipes laid in that year. Some of them have given 
very satisfactory service throughout the entire time. Others 
have not and have been the cause of breaks which tore up the 
pavement, as was the case of the Locust Street break two or three 
weeks ago, which did considerable damage to the street car 
company as well. 

In regard to the 24-inch main line from Ludlow to this city, I 
have been told by those who remember its laying that a consider- 
able portion of it at the reservoir end had to be taken up and 
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relaid with cast iron the first year. I have been told that the 
reasons for this were partly from settling, causing breaking, and I 
have also wondered if it was not practically due to the mixture of 
the cement, as you will note in this statement: ‘ During the past 
year they had used only neat cement, while formerly some sand 
had been mixed with the cement.’ Since this replacing, the first 
year after the pipe was laid, I believe there have been no repairs, or 
if any, very slight repairs on the main pipe. We have believed that 
the trouble with cement-lined pipe was largely due to breaking 
and chipping of the cement from the inside surface when the tap 
was made, thus exposing the wrought iron to the elements. 

“Tam also sending you a copy of the 1878 report, which is chiefly 
valuable as indicating the kind of pipe being laid. You will notice 
on the list on page 21 but one cement pipe listed, »nd I have been 
told that following this date no cement-lined pipe has been laid 
in the city. You will note from the last report the mileage still 
remaining.” 


See also Phineas Ball’s report quoted on pages 3-9. 


Watruam, Mass. (Information from Supt. Leroy Brown and 
Ex-Supt. George E. Winslow.) 


Waltham had a population in 1905 of 26282. Water works 
were constructed in 1872, the mains being cement-lined pipe. In 
1887 the further use of this pipe was practically abandoned, and 
since that time substitutions have been made until at the present 
time there is left only about one mile of cement pipe. In 1887 
there were about twenty miles of cement-lined pipe, ranging in 
size from 4 inches to 16 inches. 

The reason given by Mr. Brown for giving up the use of this 
pipe was leaks in the joints, also trouble in making con- 
nections and care necessary in opening and shutting gates to 
prevent water hammer, which is liable to cause breaks. 

On July 4, 1879, lightning caused the destruction of 300 feet 
of 6-inch pipe, cast iron being substituted at a cost of $263. July 
12, 1883, lightning again caused a small leak and it was repaired at 
a cost of $20. August 3, 1889, 32 feet of 4-inch pipe was destroyed, 
and on August 12, 1891, 1070 feet of 6-inch pipe was destroyed 
by lightning. 

The Waltham report for 1895 contains reference to electrolysis 
in connection with the cement-lined pipe, and states that several 
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pieces dug up near the electric-car tracks were badly pitted and 
that the pipe was rendered practically worthless. 


aks in , E Cost of Repairs | 
on Cement- | Cost per Leak. as? 
Lined Pipe. 


$11.60 
12.25 

2.25 
20.00 
7.70 
8.95 
54.60 


19.1 ‘ $16.76 


During this period there were about twenty miles of cement-lined pipe in 
the system. 


The large number of leaks noted in 1891 was partly due to the 
beginning of construction of a sewerage system in the city. Labor- 
ers in digging trenches for sewers caused damage to the water 
pipes. It should be noted that the cost of repairs given in the 
above table generally includes the substitution of cast-iron for the 
old cement-lined pipe. 


Watertown, Mass. (Information from former Supt. John H. 
Perkins.) 


Watertown had in 1905 a population of 11 202. Water works 
were constructed in 1884, about fourteen miles of cement-lined 
main pipe, from four to fourteen inches in diameter, being laid. 
Since about 1890 no cement-lined pipe has been laid. All pipe 
construction since that time has been of cast iron. Mr. Perkins 
claimed that the reason for making the change was that cement- 
lined pipe could not be bought after 1890 in the market, and as 
they had no conveniences for making pipe themselves, cast iron 
was substituted. Since the supply was introduced about one-half 
mile of cement-lined pipe has been removed and replaced by cast- 
iron. Some of the cement-lined pipe, however, is still in excellent 
condition. A piece of 6-inch pipe on exhibition in the office of the 
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400.00 | 57.15 

1888 .....| 179.00 | 22.38 
1891 1092.00 | 29.52 
Average -| 13 | 
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water works, which was stated to have been in the ground for 
eighteen years before removal, is in first-class condition. 

The number of leaks in the whole system reported during 
1906 was five, and it is stated that the cost of repairs is only $3.05 
per mile. This, of course, was on the total length of main in use, 
37 miles, of which about fourteen are of cement-lined pipe. At 
the office of the water works it is stated that great care is exercised 
in opening and shutting gates to prevent water hammer, as this 
has caused leaks at various times. It is also stated that pipes have 
been particularly liable to deterioration where they are near the 
electric railroad tracks, presumably due to electrolysis. 


Witpwoop, N. J. (Information received from Mr. Clarence 
Miller, superintendent of the Wildwood Water Works Company.) 


“T have had some experience along this line, having had 
charge of the present plant for about five years and was also 
connected with the same company at Pheenixville, Penn., for 
some time. The pipe we use is manufactured by the American 
Pipe Manufacturing Company, of Philadelphia, and is known 
as cement-lined pipe,—same being constructed as follows: 
Outside covering of jacket iron about 1-32 inch in thickness, then 
there is a layer of cement about 1 inch in thickness; inside of 
this there is another covering of iron about 1-16 inch in thickness, 
and then this is lined on the inside with about ? of an inch of 
cement. The inside lining of cement is of Hoffman Rosendale, 
the outer layer of cement being of the best grade of Portland. 
This makes a very nice pipe in appearance and it is capable of 
carrying anything up to about 125 pounds pressure to the square 
inch. The connections or joints on this pipe are comprised 
of a male and female ring which fit neatly together, this being 
covered with cement, then a slip sleeve is used, which holds the 
cement in place, and then an outside covering of cement is used 
to keep the sleeve from corroding or rusting from the dampness. 
It is necessary, when laying this kind of pipe, to let the joints set 
about four weeks before turning on the pressure, so as to insure 
their being dry and hard. In tapping this kind of water main, 
we use a steel girth with a cast-iron saddle (same being drilled and 
tapped to suit the specified size of connection); under this saddle 
we use a small piece of rainbow packing about 4 inch in thickness, 
which acts as a gasket and makes a water-tight joint. The 
corporation is connected to the saddle and then a tapping machine 
especially constructed for this make of pipe is used in drilling 
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the pipe. For cleanliness, I have never found anything in the 
pipe construction to equal it, as it is the same as a stone jar on 
the inside and there is never any corrosion of or deposit upon the 
pipe. I have removed some 4-inch pipe that has been in service 
for over eleven years, and it was just as clean as the day it was 
laid (same was removed to be replaced with a larger size) and did 
not show any defects from long using.” 


Wosvrn, Mass. (Information from the registrar.) 


Woburn had a population in 1905 of 14402. A water-works 
system was installed in 1873. The use of cement-lined pipe was 
given"up in 1899, but no work has as yet been done toward the 
replacement of cement lined with cast iron, new construction 
only being of cast iron. In 1874 there were 24 miles of cenfent- 
lined pipe, and at the present time there are about fifty-one miles 
together of cement-lined pipe with some five miles of cast-iron 


Wosurn, Mass. 


| | j 
| | Cost of 


No. Mi S$ per ‘ost ‘o 
| | 

1891 9 47 0.19 $120.00 $13.30 $2.50 
1892 30 49 0.61 334.00 11.10 6.80 
1893 24 49 0.49 373.00 15.50 7.60 
1894 25 50 0.50 263.00 10.50 5.30 
1895 68 51 1.33 601.00" 8.80 11.80 
1896 57 51 1.12 646.00 11.30 12.70 
1897 92 51 1.80 1 199.00 13.00 23.50 
1898 32 51 0.63 414.00 12.90 8.10 
1899 34 52 0.65 422.00 12.40 8.10 
1900 50 54 0.93 752.00 15.00 13.90 
1901 43 54 0.80 741.00 17 20 13.70 
1902 35 54 0.65 832.00 23.80 15.40 
1903 34 55 0.62 801.00 23.60 14.60 
1904 59 55 1.07 2 318.00 39.30 42.20 
1905 53 55 0.96 1 164.00 22.00 21.20 
1906 45 57 0.79 1 084.00 24.10 19.00 
Average, 

1897-1906) 47.7 53.8 0.89 $972.70 | $20.40 $18.08 
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pipe. The average age of the pipe is about twenty-three years. 
The average pressure in the city is 70 pounds. 

Almost every annual report contains references to breaks 
caused by lightning. In 1886 about a mile of pipe was so damaged 
by this cause that reconstruction was recommended. From 1884 
to the present time some two hundred leaks have been attributed 
to lightning. Leaks are attributed principally to lightning, rust, 
bad joints, water hammer and thin lining. 

The number of leaks and the cost of annual repairs are shown 


in the table on page 55. 


OTHER WROUGHT-IRON CEMENT-LINED PIPE SYSTEMS. 


Mr. J. W. Ledoux, chief engineer of the American Pipe Manu- 
facturing Company, of Philadelphia, who has had much experience 
in the installation of wrought-iron cement-lined pipe systems, has 
kindly furnished the writer with the following list of works for 
which a considerable proportion if not the entire pipe system has 
been built of cement-lined pipe, and it was the intention of the 
writer to communicate with these water works in regard to their 
experience with this pipe, but lack of time and space have alike 
prevented his doing so, though he is still in hopes that Mr. Ledoux 
himself will contribute to the discussion of this paper. 


Springfield WaterCompany. .... . Lansdown, Penn. 
North Springfield Water Company .. Bryn Mawr, Penn. 
East Jersey Coast Water Company .. West Asbury Park, N. J. 
Wildwood Water Company ...... Wildwood, N. J. 
Moorestown Water Works ...... Moorestown, N. J. 
Riverton WaterCompany ...... Riverton, N. J. 
Norfolk County Water Company ... Norfolk, Va. 
Sumter WaterCompany ....... Sumter, 8S. C. 
Paris Mountain Water Company. . . . Greenville, 8. C. 
Tallahassee Water Company ..... Tallahassee, Fla. 
Milledgeville Water Company .... . Milledgeville, Ga. 
Opelika WaterCompany ....... Opelika, Ala. 
LaGrange Water Company ... . ... LaGrange, Ga. 
Derry WaterCompany........ Derry, Penn. 
Skaneateles WaterCompany ..... Skaneateles, N. Y. 
Jordan Water Jordan, N. Y. 
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Sratis 
Compiled from 


Length of C. L. Pi Mi 
1886. 1906. | 1886-1906. | Abani 
Attleboro, Mass; .... 0... 12 702 1873 16 None About 36 | 184 
Arlington, Mass..................- 9 668 1872 | About 12 4g 
Brockton, Mass.................++ 47 494 1880 3 3 69 | 
15 223 1869 48 32 Over 19 44 
18 640* 1867 19 4 ll | 
37 289 1867 23 None 
5 421 1874 21 21 12 
Concord, N. 19632* | 1872 | Over 30 18 
Mitenburg, 33 021 1873 17 None 40 18 
Gloucester, Mass.................. 26 010 19 184 
Hartford, 79 850* 1857 15 3 
3972 1883 10 10 
Euan: 1871 63 32 30 | 489 
Oe eee eee 38 037 1870 | About 45 20 35 184 
Manchester, N. H............-.-.. 56 987* 1872 27 4 62 18 
New London, Conn................ 17 548* 1871 22 About 8 39 188 
Pittafield, 25 001 1855 3 None a 
Plymouth, Masst.................. 11119 1885 23 47 24 t 
Revere and Saugus................ = 1884 | About 18 18 184 
Springfield, Mass.................. 73540 | 1864 48 33 80 184 
altham, Mass.............-.-..- 26 282 1872 20 1 21 os 
Watertown, Mass.................. 11 202 1884 14 13 Ge Nia 
Whitman, Mass................... 6 521 1883 12 12 12 18, 
Woburn, Mass.......:. 14 402 1873 39 51 18 18 
Worcester, Mass................... 128 135 1845 41 None 97 aR: 


Sratistics RELATIVE TO. THE Use oF Cement-Livep Maw Pipe. 
Compiled from interviews and from reports. Some figures necessarily approximat 


Fatension. | Replacement Reason Given for Abandonment. 
1886-1906. | Abandoned, 
About 36} 1880 1898 Trouble making connections 
Over 19 1894 | About 1895 | Poor condition of pipe” 
187% 1875 Leaks eaused by making’connections 
34 1887 1898 ‘ Breaks from rust 
| 1886 | Proquent breaks; expense of 
1 nt brea expense 0} repairs 
30 1884 « ‘1890 
62 1877 1877 Trouble in making repairs 
1894 Not begun Loma cost of cast iron 
21 1887 1887 Leaks in joints; trouble in Su. connec 
ee 1890 Not begun | _Cament pipe © could not be obtained; tre 
from electrolysis 
12 1883 Not begun | No appliances for making C. L.; C. I. | 
convenient 
18 1899 Not begun | Lightning, rust, “ joints, thin = 
* 1900. Since 1900, Phipps patent. +Still 
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PE. 
ximate only. 
nt. of when of Mak pe Trouble fro: htni 
Reglstement Began. Mile of ©. Pips. 
25 yrs. 65-100 | 1 accident 
23 yrs. 2 accidents; 1 cost $974. 
Cope Ce 26 yrs. 72 $49.00 (1899-1906) | 3 000 ft. required replacem 
8 yrs. 50-75 Laccident 
26 yrs. 45-75 318.0 00 ee) 400 ft. replaced 
12 yrs. 15-78. Considerable trouble 
$20.00 about 1892 darnaged 2 000 ft. 
eee 22 yrs. 65 $30.00 about Considerable 
18 yrs. 60-75 1 stroke caused damage $940 
70. | 1 geeident 
onnections 15 yrs. 50-70 $17.00 (1883-91) | 1 400 ft. replaced; 4 accidents 
|; trouble - 
I. more 
65 Very small None 
70-75 $14.00 (1891-6) 200 leaks; 5.000 ft. replaced 
Still in use. 
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RESULTS OF INQUIRY UPON EXPERIENCE WITH WROUGHT-IRON 
CEMENT-LINED PIPE IN NEW ENGLAND. 


In order to bring into convenient and comparable form the 
results of experience in New England with pipe of this character 
a parallel column is subjoined giving the views expressed in 1888 
by water-works superintendents in different communities as 
typified by the data contained in the Engineering News article 
above referred to, and the views developed by the writer twenty 
years later, that is, in the year 1908, first, as applied to pipe dis- 
tribution systems, and second, as to supply mains; and in a third 
table are condensed the results of the writer’s inquiry in 1908. 


Experience with and Opinions upon Wrought-Iron Cement-Lined Pipe in 
' Various Cities up to the Year 1888 and in the Year 1908. 


1888. 1908. 
Boston, Mass. 
Gave it up on account of rusting Using cast-iron pipe only. 
and bursting. 
Brockton, Mass. 
Reports cement-lined pipe all right No distribution pipe. Only three 
and no leaks. miles supply pipe. 
Brooklyn, N. Y. 
Used it from 1859 to 1884 and gave Using cast-iron pipe only. 
it up as unserviceable. 
Cambridge, Mass. 
None laid for fifteen years. Using cast-iron and steel pipe. 
Chelsea, Mass, 
Used some such pipe for twenty- None remains. Using cast-iron 


one years and its condition is fairly _ only. 
good, but cast-iron pipe was 
found to be more reliable and eco- 
nomical. 


Concord, N. H. 
Has used cement pipe for sixteen Began replacement in 1898. Four- 
years. It is in good condition. teen out of twenty-eight miles in 


1887 now in use. 
Fitchburg, Mass. 


Used it from fourteen to seventeen Using cast-iron pipe. 
years, but gave it up because repairs 
cost more than the change to cast- 
iron pipe. 
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1888. 


from breaks. 


replacing it with cast-iron. 


poor. 


Considers it unreliable. 


plates no change. 


mains only with the best of materials 
and workmanship. 


good so far as known. 


sively. 


After twenty years’ experience has 
taken all the cement-lined distribu- 
tion pipe up because it could not 
stand the pressure. Supply mains in 
good condition. 


Considers the pipe treacherous. 


In use for twenty years and consid- 


ered good. 


WROUGHT-IRON CEMENT-LINED WATER PIPE. 


Hartford, Conn. 

Has twelve miles of cement-lined 
pipe and has used it for twenty-five 
years, but it has given much trouble 


1908. 
Using cast-iron pipe. 


Malden, Mass. 
Laid some twenty years ago and is 


Using cast-iron pipe. 


Manchester, N. H. 


Used it for fifteen years, but is not Cast-iron pipe. 
laying any more on account of leaks 
and breaks. 
Meriden, Conn. 
Has used it since 1869. Condition Cast-iron pipe. 


New Bedjord, Mass. 


Cast-iron pipe. 


New Haven, Conn. 
Considers it reliable and contem- 


Cast-iron pipe. 


New London, Conn. 


Would on no account lay a large 
main of cement-lined pipe, and small 


Eight miles (out of twenty-two in 
1886) remain. . 


Pittsfield, Mass. 
Used it since 1855. Condition 


None remains. 


Plymouth, Mass. 
Using cement-lined pipe exclu- 


Still using cement-lined pipe ex- 
clusively. Giving good satisfaction. 


Portland, Me. 


Cast-iron pipe only for distribu- 
tion system. Supply rains still in 
use, but new cast-iron pipe or steel 
mains will probably soon be laid. 


Providence, R. I. 


Cast-iron pipe. 


Salem, Mass. f 


Appropriations recently’ made to 
replace cement-lined pipe with cast 
iron. 
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1888. ’ Somerville, Mass. 1908. 

Eighty breaks a year. Using cast-iron pipe. 

Waltham, Mass. 

Reports that as pipe is beginning Only one mile of it remains. 
to rust no more of it will be laid. 

Woburn, Mass. 

Reports it perfect for pressure of In 1899 abandoned further exten- 
sixty to, ninety-five pounds. Does sion ‘work of cement-lined pipe in 
not contemplate change. favor of cast-iron pipe. 

Worcester, Mass. 
Had a little in use for twelve to six- None remains. 


teen years, but the condition is poor, 
owing to frequent leaks. 


REPORTS UPON CEMENT-LINED SUPPLY MAINS. 


Brockton, Mass., has a 20-inch and 24-inch pipe, about 3 miles 
long, one half of it running through a country district, the remain- 
der through one of the outlying streets of the city. The latter 
half of the main has numerous connections. The original: pipe 
shell was dipped in hot asphaltum and rolled in cement and sand 
before being placed. The lower end of the main is under about 50 
pounds pressure. 

1908. Superintendent states that there has been no trouble to 
speak of with this main during the twenty-eight years of its exis- 
tence. 

Concord, Mass. 1908. Has two 10-inch pipes, approximately 
24 miles each in length, laid from Sandy Pond to the town, the 
first in the year 1874 and the second in the year 1883. Both pipes 
are still in active service and have given comparatively little 
trouble from leakage. The maximum static pressure is approxi- 
mately 40 pounds. 

Concord, N. H., in 1872 laid a 14-inch cement-lined main from 
Penacook Pond to the city. This main was about 2 miles long, 
laid largely through a country district, and was under a pressure 
- of about 60 pounds per square inch. 

1908. The work of relaying this pipe with cast iron was 
commenced in 1897 and completed in 1901. 

In 1883 a low-service main 18 inches in diameter, about 2 miles 
long, was laid, and in 1887 a high-service main 14 inches in diame- 
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ter, about 24 miles long, was laid, the latter being known as the 
Penacook extension. 

1908. These two ‘shila mains are said to have given 
no trouble up to the present time. 

Manchester, N. H., has a main about 4 miles long, laid in 1872; 
part of this is between the pumps and the reservoir, the lower part 
being subjected to about 60 pounds pressure. This wrought-iron 
cement-lined pipe has cast-iron bells and lead joints. 

1908. This pipe is still in use. 

- Plymouth, Mass., laid in 1855 a 10-inch main, about 3 miles 
long, the lower part under a pressure of approximately 50 pounds. 

1908. This pipe is still in use and in good condition. A new 
18-inch wrought-iron cement-lined supply main is being laid this 
year from the source of supply to the pumping station and thence 
to the town. 

Portland, Me. A 20-inch wrought-iron cement-lined supply 
main about 15.2 miles long was laid from Sebago Lake to the city 
of Portland in the years 1868 to 1869. In the years 1875-9 a 
second wrought-iron cement-lined pipe supply main was laid from 
the lake to the city. The upper portion of this, approximately 
34 miles in length, was 26 inches in diameter; the lower portion, 
approximately 11.4 miles in length, was 24 inches in diameter. 
(In 1901 the construction of the third line from the lake of 30-inch 
cast-iron pipe was begun and has not yet been completed). 

1908. These two wrought-iron cement-lined mains are still in 
active service, though the construction of a new steel pipe capable 
of supplying the entire demands of the city will probably be begun 
next year, in which case the wrought-iron cement-lined pipes will 
be held as reserves only. Although there has been more or less 
trouble from leakage, these mains have done good service. 

Springfield, Mass., laid in 1874 a 24-inch main about 104 miles 
long from Ludlow reservoir to the city. 

1908. The engineer of the department states that he under- 
stands that a considerable portion of it was relaid during the first 
year after construction, but that since that time little or no repairs 
have been necessary. 


As summed up in a word, wrought-iron cement-lined pipe has, © 
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generally speaking, proved disadvantageous for water-works uses 
in distribution pipe systems, except in comparatively small com- 
munities where street excavations and underground disturbances 
are of comparatively rare or unusual occurrence and where the 
pressure upon the pipes has been of moderate amount. 

In conduit or supply pipe service, wrought-iron cement-lined 
pipe has given much greater satisfaction and has made on the 
whole a good record for itself, except where the pressure has been 
great or the pipe has been liable to disturbance by reason of 
insecure foundation, neighboring excavations, etc. 


ADVANTAGES AND DISADVANTAGES OF WROUGHT-IRON CEMENT- 
LINED PIPE, AS COMPARED WITH CAST-IRON PIPE. 


The advantages and disadvantages of wrought-iron cement- 
lined pipe as compared with cast-iron pipe may be briefly summa- 
rized as follows: 


Advantages. 


1. Freedom from tuberculation, resulting in comparatively 
small loss in carrying capacity during the life of the pipe. 

2. Reasonably high carrying capacity,— technically referred to 
as high coefficient of discharge,— though less than that of new 
cast-iron pipe. 

3. Longevity and durability under favorable circumstances. 

4, Lower first cost when compared with cast-iron pipe costing 
over twenty-seven dollars, or thereabouts, per ton. 


Disadvantages. 


1. Absolute and relatively greater dependence upon good 
materials and good work in the manufacture and laying of the pipe. 

2. Greater danger of bad or slipshod work in use of cement- 
lined rather than of cast-iron pipe, particularly in wet trenches 
or in localities affording insecure foundations. 

3. Greater cost than cast-iron pipe under average conditions. 
(The approximately comparable cost of cast-iron pipe being $27 
per ton or thereabouts, and the average price of cast-iron pipe 
about $25.) 
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4. Unreliability and danger from bad foundations and nearby 
excavations made at any time after the completion of the pipe line. 

5. Small factor of safety and consequent danger from water 
hammer, careless manipulation of gates, etc. (The usual factor 
of safety in wrought-iron cement-lined pipes has been from 3 to 4, 
in steel pipes from 4 to 5, and in cast-iron pipes from 12 to 15.) 

6. Resulting lower limits of safe pressures. Desirable limit, in 
the opinion of the writer, 65 pounds per square inch; in the opinion 
of the chief engineer of the American Pipe Manufacturing Com- 
pany, 100 pounds per square inch. 

7. The carrying capacity or coefficient of discharge may not 
differ materially from that of old cast-iron pipe if the cement pipe 
is badly made or laid. 

8. Danger from lightning and liability of more extended damage 
therefrom. 

9. Difficulty in making watertight joints and connections. 

10. Repairs not so easily, cheaply, quickly, or effectively made 
as for cast-iron pipe. 

11. Difficulty in making service pipe connections and greater 
likelihood of leakage. 


CARRYING CAPACITY. 


There can be no doubt that the cement coating in the interior of 
a wrought-iron cement-lined pipe is more satisfactory than the 
coating of the cast iron, so far as its effect upon the quality of the 
water is concerned, though the difference may be, and perhaps _ 
generally is, practically insignificant. No coating has thus far 
been found for cast-iron pipe which does not under average con- 
ditions sooner or later permit tuberculation. The rapidity and 
amount of this tuberculation varies with the quality of the pipe 
coating. Any excrescence of this sort must unquestionably 
decrease the discharging capacity of the pipe line. This fact is 
recognized in the design of our cast-iron pipe systems by the 
adoption of a pipe size or diameter which shall cover this progressive 
loss in carrying capacity. In other words, the pipe is omen for 
future rather than for present conditions. 

The chief claim of the wrought-iron cement-lined pipe advocates 
has always been the freedom from tuberculation and maintenance 
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of carrying capacity of pipe of this character, and it is probably true 
that the carrying capacity of wrought-iron cement-lined pipe 
decreases but slightly during the life of the pipe under ordinary 
conditions. 

Comparatively little information has been published of the actual 
carrying capacities of wrought-iron cement-lined pipes. Without 
attempting a technical discussion upon this matter, it may suffice 
to refer to a few examples of recent gagings of pipe of this charac- 
ter. Hazen and Williams in their hydraulic tables quote a range 
of coefficients for use in the Hazen and Williams formula of the 
following amount: 

Range of Veloc- Range of c. 


Diameter No. of Obser- ity in Feet. in H.-W. Mean Value 
Experimenter. in Inches. vations. per Second. Formula. of ¢. 


11 1.49-4.04 127-118 122* 
10 2.78-6.60 148-144 


Remarks: *Cement-lined iron. + Experimental conduit. 


But the writer is inclined to regard these values as distinctly too 
high under conditions in this country, so far as he has observed 
them, though he recognizes and regrets the existing lack of 
specific data upon this subject. 

Pitometer gagings covering a period of four weeks upon the 20- 
inch and the compound 26-24-inch wrought-iron cement-lined 
water mains of the Portland Water Company conduit during the 
recent valuation proceedings indicate a coefficient of discharge in 
the Hazen and Williams formula (as has already been referred to 
on page 49) of c = 95, though it is probably true that had the pipe 
been true to nominal diameter the coefficient would have approxi- 
mated c = 98. 

Some recent and crude observations at Greensburg seem to 
indicate a value of approximately c = 100, but more accurate 
experiments with Venturi meters are soon to be made. 

The coefficient of the Springfield, Mass., cement-lined pipe is 
believed to approximate c = 110. 

Approximate gagings at Plymouth, Mass., indicate a value of 
c =103 to c= 109. 

As compared with these coefficients of discharge for wrought- 
iron cement-lined pipe for use in the Hazen and Williams formula, 
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the relative discharging capacity of cast-iror vipe may be said to 
be approximately as follows: 


For cast-iron pipe 25 years more or less old...... c=100. 


While it is true that the coefficient for old cast-iron pipe, thirty- 
five years or more in age, may be as low as c = 90 or even 80, it 
should be borne in mind that growth in population and hence in 
water consumption and other causes usually results in the con- 
struction of additional supply mains, considerably within the 
limits of this period, and in such cases the new main is often built 
sufficiently large to care for the entire consumption of the com- 
munity without the assistance of the old main. For this reason, 
and inasmuch as the experience with the modern pipe coating has 
been comparatively short, it seems reasonable to make a com- 
parison of carrying capacities upon the following basis: 


For wrought-iron cement-lined pipe........ c=120, 
For new cast-iron pipe.............eeeee. c=130, 
Forold cast-iron pipe... c=100, 


referring by c to the coefficient of discharge to be used in the 
Hazen and Williams formula. (This formula has been used by 
the writer as one of the reliable hydraulic formulas now in common 
use, anc as the most convenient one on account of its ready appli- 
cation through the Hazen and Williams slide rule.) But atten- 
- tion is called to the fact that in a number of wrought-iron cement- 
lined pipe lines the actual coefficient c, as based upon the nominal 
diameter of pipe, varies from c = 95 to c = 110, and the assump- 
tion of a value of c = 110 or even c = 100 is, therefore, believed to 
afford a much sounder basis of design than the assumption of the 
above coefficient of c = 120. The difference in the actual process 
of making pipe must result in far greater variation in internal 
diameters in cement-lined than in cast-iron pipes, and this is, 
therefore, an essential factor in design. In order to do full justice 
to the cement-lined pipe, however, the coefficient c = 120 has been 
assumed for it in the following discussion. If the true coefficient 
of discharge should be found to be less, in the light of further 
information, the following figures should be corrected in accord- 
ance therewith. 
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RELATIVE CARRYING CAPACITY OF WROUGHT-IRON CEMENT-LINED 
AND CAST-IRON PIPE. 


The relative carrying capacity of wrought-iron cement-lined 
and cast-iron pipes, based upon the above stated coefficients of 
discharge (c = 120 for wrought-iron cement-lined pipe; ¢ = 130 
for new cast-iron pipe; ¢ = 100 for old cast-iron pipe) as applied 
to the Hazen and Williams hydraulic formula, is shown by the direct 
ratio between the assumed coefficients of discharge; that is, upon the 
above assumptions, new cast-iron pipe will discharge one twelfth 
more than wrought-iron cement-lined pipe under equal heads, 
and old cast-iron pipe will discharge but ten twelfths as much as 
cement-lined pipe under like heads. 

Or, to put the matter in a different way, the same discharge can 
be had in cast-iron and wrought-iron cement-lined pipes of like 
diameter with the different friction losses shown in the following 
tabulation: 


COMPARATIVE FRIcTION Losses IN CEMENT-LINED PIPE AND IN NEW AND 
Cast-Iron 


Friction Loss FEET. 
Veloci = > | = 
Jaternal Feet Discharge in Cone New Iron | Old Iron 
of Pipe. Hours. C = 120.* c=130.* | C=100*# 

Per 1,000} Per |Peri,000; Per Per1,000) Per 

Feet. Mile. Feet. Mile. | Feet | Mile. 

(1) (2) (3) (4) (5) (6) (7) (8) (9) 

8-inch 3 226 000 0.6 3 0.55 3 0.96 5 

: 3 - 677 000 4.5 24 4.2 22 7.3 39 

5 1127000 | 11.6 61 10.8 57 | 18.9 100 

12-inch 1 508 000 0.48! 2 0.37 2 0.6 3 

3 1 523 000 3.3 17 2.8 15 4.6 24 

5 2 538 000 8.4 44 7.2 38 /|11.8 62 

16-inch 1 902 000 0.31 y 0.26 1 0.42 2 

3 2 707 000 2.3 12 2.0 11 3.3 17 

5 4 512 000 6.0 32 5.2 27 8.4 44 

20-inch 1 1 410 000 0.24 1 0.20 1 0.33 2 

2 4 230 000 1.8 10 1.56 8 2.5 13 

5 7 050 000 4.6 24 4.0 21 6.5 34 


* For use in Hazen and Williams formula. 
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Or, if we figure (upon the above assumptions) the necessary 
diameter of an old cast-iron pipe system to give a discharge equal 
to that of a wrought-iron cement-lined pipe under like head or 
friction loss, we find the following approximate results, within a 
range of velocities of from 1 to 5 feet per second: 


Necessary’ Diameter of 


Internal Diameter of Old Cast-Iron Pipe for 
Wrought-Iron Cement- Equivalent Dischargin Increase in 
ined Pipe. peeecity under Equ Diameter. 
(c=120.) Heads. (c=100.) 
8-inch 8.8 inches 10.0% 
17.2 ,, 10.7% 


10.7% 


It appears, therefore, that under the assumed conditions (as to 
coefficient of discharge for use in Hazen and Williams formula, for 
cement-lined pipe, c = 120; for old cast-iron pipe, c = 100) the 
cast-iron pipe in order to have the same carrying capacity as the 
wrought-iron cement-lined pipe at the end of a period of twenty- 
five years, more or less, must be 10 per cent. or thereabouts larger in 
diameter. 

The effect of this increase in diameter upon the relative cost of 
the pipe is discussed further on. 


CEMENT LINING AS A PRESERVATIVE OF THE METAL. 


Past experience with wrought-iron and steel pipes indicates 
the distinct superiority of the former metal for water-works pipe 
lines. Unfortunately, however, it is impossible at the present 
time to obtain wrought-iron sheets of large dimensions for conduit 
work. This has necessitated the use in these large mains of steel, 
and experience up to this time with various coatings for the steel 
has not been thoroughly satisfactory. This subject is beyond the 
limits of this paper, but it is interesting to note that experiments 
are now being made by the city of New York, and perhaps in other 
quarters, upon the feasibility of lining and encasing large steel 
conduits with a cement coating, in substitution for the different 
paints and materials used heretofore for coating steel conduits. 
These latter-day developments, however, contemplate a use of 
the cement coating primarily for the purpose of preserving the 
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metal rather than for securing watertightness, and the results 
will be watched with great interest. 


RELATIVE COST OF CEMENT-LINED AND CAST-IRON PIPE. 


In the subjoined table is presented a statement of the com- 
parative cost of cement-lined and cast-iron pipe lines. The cast- 
iron pipe has-been figured upon the approximate ruling average 
price of cast-iron pipe during the last twenty-five or thirty years, 
to wit, $25 per 2000 pounds. The weight of pipe used is that of the 
New England Water Works Association standard Class A up to and 
including pipes of 8 inches in diameter, and Class B for pipes of from 
10 to 24 inches in diameter. While these classes are somewhat 
lighter than have been used in city work, they certainly afford a 
much higher factor of safety than that ordinarily employed in 
designing cement-lined pipe, and they have been successfully 
used in many water works for pressures up to and even in excess of 
100 (to 125) pounds per square inch. The total cost per foot of 
the cast-iron pipe furnished and laid is shown in column 6, and | 
for convenience there is shown in column 7 the amvunt which 
should be added to make a comparison with Class C pipe of the 
New England Water Works Association. 

The prices quoted for the wrought-iron cement-lined pipe in the 
case of the Plymouth works represent the actual cost of the pipe, 
exclusive of administration expenses of the department, and in 
the other cases the contract prices at which these pipes were laid. 
It is hoped that others who have used pipe of this character will 
contribute items of cost for comparison with the table on 
page 68. 

In general it may be said that upon the assumed basis of cost of 
cast-iron pipe, $25 per ton, and the assumed classification, wrought- 
iron cement-lined pipe does not show any material saving in cost 
over cast-iron pipe, even when correction is made for the differ- 
ence in carrying capacity between old cast-iron pipe and cement- 
lined pipe as referred to previously herein. The latter fact 
increases the total cost of the cast-iron pipe approximately 7 per 
cent. above the figures shown in column 6 of the table, as appears 
rom the following tabulation: 
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PERCENTAGE TO BE ADDED TO THE Tora Cost OF CastT-IRON PipkE (FURNISHED 
AND Larp) TO CoMPENSATE FOR THE ASSUMED DIFFERENCE IN CARRYING 
CAPACITY BETWEEN CEMENT-LINED AND [Ron PIPE. 


Add 10 Resulting Increase in 

Diameter Pipe Cost Total Cost per Cent. Total Cost Total Cost 
Pipe. per Foot. per Foot. to Column 2.__— per Foot. Per Cent. 
ee (2) (3) (4) (5) (6) 

8 inch, $0.50 $0.80 $0.05 $0.85 5.9 

12-inch, 0.90 1.30 0.09 1.39 6.9 

16-inch, 1.38 1.89 0.14 2.03 7.4 

20-inch, 1.86 2.50 0.19 2.69 7.6 


If the ratio in carrying capacities of the cement-lined cast-iron 
pipe should be as 110 to 100, as has been found to be the case in 
some cement-lined supply mains, instead of as 120 to 100 as as- 
sumed above, the increase in diameter of pipe would be approxi- 
mately 4 per cent. instead of 10 per cent., and the corresponding 
increase in total cost of pipe line in place approximately 3 per cent. 
instead of 7 per cent., and if the ratio should fall to 90 and 95 there 
would be no material difference in cost. 


NECESSARY PRICE OF CAST-IRON PIPE TO MAKE COST OF CAST-IRON 
PIPE LINE EQUAL TO THE COST OF CEMENT-LINED PIPE LINE. 


Data are lacking upon which to base a satisfactory estimate of 
the price per ton at which cast-iron pipe may be bought without 
making the cast-iron pipe line more expensive than one built of 
cement-lined pipe, even with due allowance for greater loss in 
carrying capacity with lapse of time. It seems probable, however, 
that this price must exceed $27 to $30 per ton of 2 000 pounds, and 
still leave the balance as regards reliability in favor of cast-iron 
pipe; while the average price of cast-iron pipe during the past 
twenty-five years, more or less, has been approximately $25 per ton. 


AVERAGE PRICE OF CAST-IRON PIPE DURING THE LAST TWENTY-FIVE 
OR MORE YEARS. 


It was stated above that the average price of cast-iron pipe for 
water-works uses during the past twenty-five or more years had 
been approximately $25 per net ton of 2000 pounds. In this 
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connection the following figures may be of interest. It should be 
noted also that when cast-iron pipe is unreasonably high, exten- 
sion work is usually undertaken only so far as is absolutely essen- 
tial. For this reason, it is not fair to average the ruling prices of 
cast-iron pipe from year to year to determine the average cost of 
cast-iron pipe to water-works departments during any period of 
years. The actual average cost of all pipe bought is almost certain 
to be considerably less than the average ruling price of cast-iron 
pipe over a like period of years. 

Boston, Mass. During the past thirty years covering a period 
from 1878 to 1907, inclusive, the city of Boston awarded contracts 
for cast-iron pipe amounting to 115 452 short tons, aggregating an 
approximate cost of $2 845670. This is equivalent to an average 
price of $24.65 per ton of 2 000 pounds. 

PortLAND, Me. The Portland and Standish Water Companies, 
supplying the city of Portland and environs, purchased in the 
thirty-nine year period from 1869 to 1907, both inclusive, a total 
of 19 105 net tons of pipe, at a total cost of approximately $484 270. 
This is equivalent to an average price of $25.35 per ton of 2000 
pounds. 

Sr. Louis, Mo. From the statistics relating to the “ prices paid 
for cast-iron pipe by St. Louis, Mo., during twenty years, compiled 
by Wm. H. Bryan, from data furnished by W. E. Rolfe, of 
the St. Louis Water Department,”’ published in the Municipal 
Journal and Engineer of —-—, 1908, have been obtained the fol- 
lowing figures: total purchase of pipe, 128 269 tons of 2 000 pounds; 
approximate cost, $3 034000, or an average price per ton during 
this nineteen-year period of $23.74. (Inasmuch as the quantities 
purchased during the year 1888 were not stated, it was impossible 
to determine the average price for twenty years.) 

PROVIDENCE, R. I. The average price paid by a water com- 
pany in the vicinity of Providence, R. I., covering 1 826 tons of 
cast-iron pipe bought in the twenty-year period from 1886 to 1906, 
was $25.43 per ton of 2 000 pounds. 

CuicaGo, Inu. The writer is unfortunately not able to give the 
actual average price paid by Chicago, but the following figures for 
the pipe purchased during the twelve-year period from 1885 to 
1906 may be of some interest: 
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Cost Cast-Iron Pipe 
Year. Total Miles. (2000 Lbs.). 


1895 1612.3 $26.00 
1896 1691.2 23.00 
1897 1 730.3 19.00 
1898 1 861.2 25.00 
1899 1 846.9 25.50 
1900 1 872.0 25.50 
1901 1 890.0 23.50 
1902 1918.7 28.00 
1903 1 939.7 33.00 
1904 1978.2 30.00 
1905 2 038.5 27.50 
1906 2 073.2 30.00 


(Quoted from Engineering-Contracting, July 24, 1908.) 


SUMMARY OF CONCLUSIONS. 
With due allowance for variation in individual cases, and the . 

local conditions or circumstances surrounding them, the following 

conclusions seem justified: 


1. Advantages of cement-lined pipe as compared with cast-iron 
pipe. 

a. Freedom from tuberculation and resulting maintenance of 
carrying capacity. 

b. Carrying capacity ame approximately that of cast-iron 
pipe fifteen to twenty-five years old. The coefficient of discharge 
to be used in the Hazen and Williams formula probably lies 
between c = 100 and c = 120, depending upon the care used in 
making the pipe and the excellence of its finish. 

c. Longevity and durability under favorable circumstances. 

d. The cost may show some advantage when cast-iron pipe 
reaches a price upwards of $27 to $30 per ton. 


2. Disadvantages of cement-lined pipe as compared with cast-iron 
pipe. 

a. Absolutely and relatively greater dependence upon good 
material and good work in all details of manufacture and laying 
of pipe. 

b. Greater danger of bad or slipshod work in wet trenches and 
under conditions affording insecure foundations. 

c. Greater cost under average market conditions. 
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_ @. Unreliability and danger from subsequent excavations 
adjacent to pipe line. 

e. Small factor of safety and consequent danger from water 
hammer, careless manipulation of gates, etc. (The usual factor 
of safety of wrought-iron cement-lined pipes has been from 3 to 4; 
in steel pipes from 4 to 5, and in cast-iron pipes from 12 to 15, but 
the greater ductility of wrought-iron or steel as compared with 
cast-iron should be borne in mind in this comparison.) 

j. Resulting comparatively low limit of safe pressures, 65 
pounds per square inch, more or less. 

g. The carrying capacity may not differ materially from that of 
old cast-iron pipe if the cement-lined pipe is badly made or laid, 
or is considerably smaller in actual than in nominal internal 
diameter. 

h. Danger from lightning and liability of more extended damage 
from it. 

i. Difficulty in making watertight joints and connections. 

j. Repairs hot so easily, cheaply, quickly, or effectively made as 
for cast-iron pipe. 

k. Difficulty in making service pipe connections and greater 
likelihood of leakage. : 

3. Satisfactory data are lacking upon the carrying capacity of 
cement-lined pipes. It is believed that under favorable con- 
ditions the coefficient of discharge to be used in the Hazen and 
Williams formula is about c = 120, but under actual conditions 
this coefficient has been found, in several carefully observed cases, 
to lie between 95 and 110. Unless the conditions are definitely 
known, therefore, the use of a coefficient not exceeding c = 100 to 
ce = 110 in the Hazen and Williams formula is recommended. 

4. The relative carrying capacity of wrought-iron cement-lined 
pipe, new cast-iron pipe, and old cast-iron pipe, based upon. 
assumed coefficients of discharge (for use in the Hazen and 
Williams formula) is in proportion to these coefficients of dis- 
charge: 


c=120 for wrought-iron cement-lined pipe. (A safer figure would be c=100 
to c=110.) 

c=130 for new cast-iron pipe. 

c=100 for old cast-iron pipe. 
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5. The comparative frictional losses based upon these assump- 
tions are shown in the tabulation on page 65. 

6. Upon the above assumptions the necessary increase in 
diameter of a cast-iron pipe line over that of a wrought-iron 
cement-lined pipe line that it may have the same discharging 
capacity at the end of a period of twenty-five years, more or less, 
should be approximately 10 per cent. If, however, the relative 
coefficients of discharge for cement-lined pipe, as compared with 
cast-iron pipe, are as 110 to 100 instead of 120 to 100, the necessary 
increase in diameter would be approximately 4 per cent. 

7. The additional cost involved by the above-mentioned neces- 
sary increase in diameter of cast-iron pipe over cement-lined pipe, 
that they may have the same carrying capacity after a long period 
of years (based upon assumed relative coefficients of 120 for 
cement-lined and 100 for old cast-iron pipe), is approximately 7 
per cent. If, however, the relative coefficients are as 110 to 100, 
the increase in cost would be but 3 per eent. 

8. The cost of wrought-iron cement-lined pipe as compared with 
cast-iron pipe does not appear to be materially different and is 
slightly in favor of the cast-iron pipe up to diameters of 20 inches, 
more or less,— if a comparison be made upon the basis of use of 
classes A and B, Standard Specifications for Cast-Iron Pipe of 
the New England Water Works Association, which in the opinion 
of the writer is certainly as reliable as, and probably more reliable 
than, wrought-iron cement-lined pipe of the type heretofore used. 

9. For purposes of comparison it seems reasonable to use an 
average price for cast-iron pipe of $25 per net ton of 2 000 pounds, 
inasmuch as this figure seems to approximate the average cost 
of cast-iron pipe for a period of twenty-five or more years in the 
past. 

10. While it is true that many wrought-iron cement-lined pipe 
systems, built between the years 1870 and 1880 or thereabouts, 
are still in use, general experience seems to show that abandon- 
ment has begun within a period of twenty or twenty-five years 
after construction, though it is probably fair to say that this 
abandonment may have been due in some measure to the gradual 
increase in water pressures demanded of our water works by the 
change in height of buildings and the improved standards required 
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for fire protection. Certainly the general use of cement-lined pipe 
for water works purposes has been given up. _ 

11. The average annual cost of making repairs to wrought-iron 
cement-lined pipe appears to have been as low as $10 per mile of 
pipe under favorable circumstances, and as high as $50 per mile of 
pipe, or even more, under less favorable circumstances. 

12. Damage from lightning appears to have been a source of 
considerable expense in making repairs. The cost of these repairs 
is covered, however, in the above figures of annual cost of repairs 
per mile of pipe. 

GENERAL CONCLUSION. \ 

In conclusion, therefore, the writer is of the opinion that broadly 
speaking, it may fairly be said that: 

1. Experience in this country with wrought-iron cement-lined 
pipe systems for distribution purposes has in general been adverse 
and has led to its replacement with cast-iron pipe,— except, per- 
haps, under conditions where the pressure does not materially 
exceed sixty-five pounds per square inch, and where there has 
been but little disturbance of the ground adjacent to the pipe 
trench which might cause settlement or other injury to the pipe 
line. 

2. Experience in this country with wrought-iron cement-lined 
pipe systems for supply mains has been much more satisfactory 
than for pipe distribution systems, and many old wrought-iron 
cement-lined supply mains are still in active use and giving satis- 
factory and economical service, particularly under such conditions 
as are usual in the case of these supply mains,— light pressure, 
secure foundation, and private rights of way within which the 
pipes are located, resulting in little danger of disturbance. 

3. It is still possible that economical means, will hereafter be 
developed for lining steel or even cast-iron pipe in a similar manner 
to that so successfully now employed in lining service pipes with 
cement, which will result in a better pipe than any yet used. But 
such use of cement is likely to be limited to furnishing a durable 
coating rather than watertightness and added strength to the pipe. 


The writer takes this opportunity of expressing his obligations 
to the various superintendents and other officials or employees 
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of the water works, who have so courteously and willingly con- 
tributed much of the information contained herein, without 
which, this article would have been impossible. 
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Mr. Artuur E. BLackmer.* I don’t think there is very much 
that I can add to what Mr. Metcalf has said. It is a fact that we 
have comparatively little trouble with our cement-lined pipe. 
We have about fifty miles in use now in sizes from four up to 
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eighteen inches, possibly half of which, or a little less, is of the old 
style of pipe, the Goodhue «& Birnie, and approximately one half 
of the new Phipps patent, so-called. The pipe gives us practically 
no trouble under our pressures, which range from about thirty up to 
about seventy pounds as the maximum. We make the regular 
cement joint with a male and female ring and a sleeve, and our 
service-pipe connections are made by tapping in the corporations, 
and those, also, have been, so far, a source of very little trouble and 
expense. Down in Plymouth we look upon this pipe very favor- 
ably, though I am aware that it is not so regarded in most water- 
works communities. I don’t know that I have anything more to 
say, but if there are any questions to be asked, I will be very glad 
to answer them if I can. 

Mr. Rosert 8. Weston.* I would like to ask Mr. Metcalf or 
Mr. Blackmer if slime molds have ever. been observed on the 
inside of the cement-lined pipe, which would have a tendency to 
reduce the discharge. I know that they occur within cement 
pipes and masonry conduits. 

Mr. BLackMER. I have never discovered anything of that sort. 
We had occasion, recently, to take out a few lengths of 10-inch pipe, 
which have been in use since 1855, I think, and apparently they 
were as clean as when they were put in. There is one point in 
regard to Mr. Metcalf’s coefficient of carrying capacity of the 10- 
inch pipe to which I should like to call attention, and that is that 
the pipe was an old pipe laid in 1855 and not one of the new style 
pipes. 

Mr. Mertcatr. In answer to Mr. Weston, I would say that I 
have seen evidence in two or three cases, certainly, of some growth 
of the sort he mentions on the pipe; but more often I have found ~ 
the pipe, in the pieces which have been take out in cutting in 
hydranis or valves, or for one reason or another, substantially 
free from anything of that sort. 

Mr. E. W. Kent.f I would like to ask Mr. Blackmer one ques- 
tion with reference to the table on page 68, column 9, where there 
seems to be a surprising difference in the cost of laying the pipe, a 
6-inch pipe costing 45 cents a foot, and a 4-inch, 30 cents. 
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Mr. BuackMerR. That column was prepared by a clerk in the 
office. The cost of the 6-inch was an average of two lines which 
were unusually expensive lines to lay. They were laid rather 
deep, and we had a good deal of trouble with the main sewer, and 
a whole lot of trouble which increased the expense. That is not a 
fair average cost of the 6-inch line; it is too high. 

Mr. R. C. P. CoccesHatu.* I should like to ask Mr. Metcalf 
a question. We had originally about eight miles of cement pipe 
in our city; which was very poorly laid, and we used to have fre- 
quent breaks. Some years ago there was a remnant of it left, and 
at that time, when the electrolysis problem was coming up, I 
remember that Mr. Knudson, who made the examination in New 
Bedford, pointed at once to that remnant of the cement pipe and 
advised us to get it out as quickly as we could, saying that it was a 
good deal more liable to damage by electrolysis than cast-iron pipe. 
Now I would like to ask Mr. Metcalf if in the light of present 
knowledge, that is considered to be absolutely true. 

Mr. Metcatr. You have asked me a very difficult question, 
Mr. Coggeshall, and I cannot answer you directly, because that 
question ought to be answered from experience and I do not 

‘think our present information is sufficiently definite to enable us to 
say whether that is true or not. 

In discussing that very point with one of our prominent engi- 
neers who is laying some large steel mains at the present time, and 
is planning to coat them with cement for a portion of their length, 
partly on that account, he seemed to feel that the chances of 
trouble were less than with cast-iron mains. You have a good 
conductor throughout the entire length, and if the current gets on 
to the pipe it doesn’t leave it at the joint and get on again. The 
trouble from electrolysis in a pipe line comes at the point where 
the current leaves the pipe; and in his case the question was as 
to whether he should make at certain points good connections for 
the current to leave the pipe, or whether he should simply take his 
chances on that and try to keep the pipe as dry as possible. 

At the present time it seems to me that about all we can say is 
that the trouble from electrolysis is likely to be minimized if you, 
can keep the pipe, in running it through the fields, dry rather than 

* Superintendent Water Works, New Bedford, Mass. 


78 WROUGHT-IRON, CEMENT-LINED WATER PIPE. 


in a moist condition, particularly in soils which carry a large 
amount of organic matter. Of course if you can get real wrought 
iron in place of steel you will find it more desirable, but the diffi- 
culty is that for these large pipes you cannot get large wrought-iron 
sheets; they are not manufactured. I think you can lay a 20- 
inch line, perhaps, of wrought-iron pipe; I do not think you can 
get a 30-inch without increasing the cost very seriously and the 
amount of riveting very largely. 

Mr. FRANK L. FULLER.* In cutting out some pipe at Winthrop to 
examine the pipe system we found that some of the pipes, in fact, I 
think all of them, had a coating of slime on the interior surface, 
and in that slime there were what you might call “ wigglers,”’ 
perhaps very small, something like what we find in stagnant 
water as the first stage of the mosquito. I have never seen them 
anywhere else and I didn’t know whether they were peculiar to 
that system of piping or not. The pipe seemed to be in very good 
shape. A good deal of it had been laid quite a number of years, 
and as a general thing it was in very good shape and the interior 
was quite smooth. 

THE PrREsIDENT. In partial reply to what Mr. Coggeshall has 
just asked, I would say that in Springfield we have had more trouble. 
from electrolysis on service pipes attached to an old cement-lined 
pipe than anywhere else, but I had always supposed that the 
reason for that was because that pipe is in a street quite near to 
the power station, so that the current follows it in coming back to 
the generating source. 

Mr. Mercatr. Is not that perhaps some evidence that the 
cement coating protected the wrought iron? 

THE PRESIDENT. Very likely, and the current left the service 
pipes. In some cases it had eaten up the corporation cocks en- 
tirely, so that we had to put a sleeve over the pipe to repair it. 

Mr. Leonarp C. Ropinson.t We have about twenty miles of 
cement pipe mains. In 1905 there was a call for a high service 
for better fire protection, and it was decided to subject the wrought- 
iron and cement-lined mains to a series of hydraulic tests. A 
portable outfit was obtained, consisting of a single-acting Knowles 
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pump 10x 12 and steam boiler on rollers, and the mains were 
cut out section by section and then subjected to a test of from 
three quarters of an hour to an hour’s steady pumping with a 
pressure of from eighty-five to one hundred pounds. Altogether 
there have been a little over twelve miles subjected to those tests. 
There have been 40 tests of pipe, and during that testing there 
were 25 leaks developed. The greater part of the leaks were on 
the 4-inch mains. Less than a mile of 8-inch pipe has been tested, 
and about two miles of 6-inch and something like nine miles of 
4-inch pipe. The cause of the breaks in almost all cases was the 
detaching of the cement from the shell. Some ten years ago a 
system of sewers was installed in the center of the town, and a 
great deal of trouble with the pipe was caused by the settling of the 
pipe and the cement coating cracking and then the iron rusting. 
In one place three lengths were taken out where the pipe had 
settled so that the cement coating on the under side was entirely 
detached from the shell. 

In the portion where there has been very little or no excavation 
in the streets, which comprises nearly one third of the length 
tested, there was only one break. Our pressure is comparatively 
light, something like forty-three pounds. The high-service 
system is now being installed, and the pressure will be increased 
to something like one hundred pounds, as Mr. Metcalf has spoken 
of, in times of fire. The original works were laid in 1874, and 
extensions were made with cement-lined pipe up to and including 
1888. There was practically no difference in the number of breaks 
we got on the old mains and on the more recently laid. 

Mr. Rozert 8. Weston. I would like to add a word regarding 
the theoretical considerations concerning electrolysis. It isn’t 
the electricity which decomposes and dissolves the iron, but 
it is the products caused by the passage of electricity through 
something. Now from the purely theoretical standpoint it 
would be inconceivable to believe that electricity passing through 
the soluble products, or the dissolved part, of a cement coating, 
could attack iron, because all of the products which would be pro- 
duced by electrolysis would preserve rather than attack the iron. 
On the other hand, of course, electricity passing from the pipe 
through water would decompose it into elements which would 
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attack the iron, esvecially in passing from iron through an acid soil, 
or through a soil containing a good deal of acid organic matter. It 
would seem that the conditions which affect the electrolysis of 
cement-lined pipe would be entirely independent of the cement 
coating, or else, if they did come in at all, they would act as pro- 
tective agents rather than destructive influences. - 

THE PRESIDENT. Some of the most serious breaks we have had 
in Springfield since I have been connected with the works have 
been on this old-fashioned kind of cement-lined pipe, and we are 
now engaged in removing it as fast as we can. This year we have 
taken out some four or five miles of it, and next year probably as 
much more will be taken out, and so we shall go on until we have 
it all finally eliminated from the system. Practically the reason 
for doing it is that we are now engaged in remodeling our distribu- 
tion system, and when that is finished we shall have only one 
service, which will be a high-pressure service. We now have two 
services, a high and a low pressure; the low-service system gives us 
about forty pounds pressure, and the new high-service system will 
carry about one hundred and forty pounds in the low districts 
and eighty pounds in the higher parts of the city. : 

One of the worst breaks we ever had was on a 12-inch cement- 
lined pipe, a little less than a year ago, in January, one of the most 
bitter cold mornings we had last winter. The department was 
called out at about five o’clock in the morning to shut off the 
street. The pipe was underneath the car tracks, and the water 
had followed along under the frost, which was about eighteen 
inches thick, to a point where it appeared about four or five hun- 
dred feet from where the break was; but before we could get the 
street entirely shut off the water succeeded in forcing its way up 
right over the break. We went to work immediately to repair the 
break, but it took us three days to repair the street for that four 
or five hundred feet in length, on account of the frost, and the car 
track was torn up so that cars couldn’t run over it during that 
time. We got the pipe itself repaired in the course of twenty-four 
hours. We had to take out one whole length, of course, 7 feet, 
and put in another, and then when we turned the water on the next 
length had to come out of the ground just the same way. There 
were about eighteen hours of good solid work on one of the most 


\ 
a 
: 


DISCUSSION. 8l 


bitter cold days of last winter repairing a cement-lined pipe, and 
you can judge from that whether I should be in favor of install- 
ing cement-lined pipe in any system. 

Mr. Joun C. Coase.* Mr. Metcalf’s very exhaustive paper has 
left but little to be said. I trust he will not take serious offense, 
however, if I intimate that in my opinion what he has said will 
have very little weight in regard to the use or non-use of the pipe in 
the future. In a place where they have had the successful experi- 
ence that they have had in Plymouth, I hardly think they would 
be strengthened in their belief in cement-lined pipe; but I doubt 
very much whether Plymouth’s experience or anything which 
could possibly be said, would lead our friend Walker to lay another 
foot of cement-lined pipe. ‘“‘ Ephraim is joined to his idols; let 
him alone.” 

The high price of cast iron in the period from 1870 to 1875 was 
the cause of the boom, if I may use that term, in the use of a sheet- 
metal pipe. If the pipe had been properly, intelligently, and 
conscientiously laid, its life would have been a great deal longer, 
and it would have stood in great deal better favor with water- 
works people. I think the source of trouble with cement-lined 
pipe has been the fact that whenever it was laid by contract it was 
slighted wherever it could be. To give an idea of how quickly it 
began to come into disfavor, the city of Manchester, N. H., laid 
some forty miles, I think, in the period from 1871 to 1875, but 
abandoned its use as early as 1877. 

Structurally I know of no reason why a sheet-metal, cement- 
lined pipe cannot be made that will answer all purposes and be 
entirely satisfactory, but it would be a pretty costly pipe to lay, 
and with the price of cast iron as it is at present and prospectively, 
the margin of difference would be such that it is a question whether 
it would be desirable to lay cast iron to make up for the expected 
lack or decrease in carrying capacity. And, as Mr. Dooley says, 
“ There ye are.” : 

Mr. Jasper A. Fircu.t Cement-lined pipe seems to be getting 
the black eye here, Mr. President. I haven’t got much to say 
about it, but I am interested in a small plant in Manchester, 
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Conn., owned by the Manchester Water Company, and we haven’t 
anything but cement-lined pipe there. Our pressure through the 
main village is about seventy pounds, and we have about twelve 
miles of pipe, —a small plant. In three or four miles of that 
there is a pressure varying from 70 pounds to 100 pounds, and we 
are having very little trouble. The plant was established in 1889, 
the pipe has been in a little over nineteen years, and we have but 
very little trouble from breaks or joints. Sometimes we go 
through a year and there isn’t a break at all, but occasionally we 
have a break the same as we would with iron pipe. 

Our pipes are running in streets close by the trolley line, in some 
cases under it, but we never have had any trouble from electrolysis 
excepting in a case where an iron service pipe ran under the car 
tracks. In several cases we have had the iron service pipe eaten 
out by electrolysis, and it has had to be replaced, but there has been 
no trouble on the cement-lined pipe at all. We have had two cases 
where the gooseneck of brass was affected by electrolysis. AsI say, 
our experience is not so great as that of some of you gentlemen, and 
we haven’t got so many miles of pipe, and it hasn’t been in so long, 
but we are well pleased with the working of it in our system. 

Mr. J. C. Hammonp, Jr.* Mr. Fitch is a neighbor of mine,— 
our towns join,— but our experience has been a little different. Our 
first aqueduct was laid in 1847 with cement pipe. We woke up 
along in 1866, and since then we have laid nothing but cast-iron 
pipe. That was before the days of the trolley, and I don’t know 
much about the effect of electrolysis, but I know that when the 
current from the power house gets into a cement pipe it will go 
the whole length of it. I would recommend from my experience 
cement pipe for lightning rods, and for nothing else. 

Mr. Epwarp V. Frencu.+ Mr. Metcalf has mentioned in his 
report some experience in Lynn, and I might just add a word . 
bringing that up to date. We have taken out something’ over 
seven miles of cement pipe in the distribution system. There are 
plenty of breaks in it; it is something over twenty years old, I 
think all of it, and is giving us trouble regularly, so we are replacing 
it just as rapidly as possible. There are about seventeen miles 
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left, which we hope to get out in the next few years. The pipe 
from some of the ponds down to the pumping station, running 
under a moderate head,. perhaps less than fifty feet, has been in 
service for a great many years, and gives no trouble whatever,— 
following well the conclusions which Mr. Metcalf reaches. 

We had one break this last summer in a 6-inch cement pipe, 
which tore up the street and threw large stones and a good deal 
of gravel up into the second and third stories of an adjoining 
tenement building, nearly covering up some of the people as they 
slept, and doing damage which cost the water department perhaps 
$1,500 to $1,800. So in Lynn, anyway, there is no more cement 
pipe going in at present. 

THE PresipENT. Perhaps I ought to have said, in connection 
with our experience in Springfield, that we have a 24-inch cement 
main pipe from our reservoir to the city, about twelve miles, and 
that main gives us less trouble than any cast-iron pipe we have in 
the city. We have had but one or two leaks on it since I have been 
connected with the works. So perhaps I ought to be on the 
fence as to whether to use cement-lined pipe or not. 

I also ought to have said that the break I mentioned showed a 
good deal of evidence of electrolysis. There wasn’t enough so 
that we could charge it to the railroad company. They presented 
us a bill for repairing their tracks, but the bill hasn’t been paid yet 
and they haven’t tried to enforce it, so I think it is perhaps just 
about six one way and half a dozen the other. 

Mr. Epwin C. Brooxs. In regard to what Mr. Metcalf said 
concerning cement being a protection against electrolysis, I would 
say that we have a great deal of electrolysis on service pipes, and 
that it occurs more frequently than anywhere else under conduits 
carrying feed wires. ; 

Mr. Dean. I noticein the summary there is reference made two 
or three times to the use of cement-lined pipe in this country. I 
would like to ask whether cement-lined pipe is used in any other 
country. 

Mr. Mercatr. I am not informed, Mr. Dean; I don’t know 
what the experience abroad is.. 

- A Memper. I would like to ask Mr. Blackmer or Mr. Met- 
. calf what protects the pipe on a pump main. I have noticed 
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where the outside coating has been cut off that you will see it 
throb like a person breathing. What protects that pipe to keep the 
thin iron from rusting? The first time I noticed it was down in Mr. 
Blackmer’s town, on a 16-inch main, I think it was, right close to 
pumping station. I remember I was making a connection for 
them, and [had a date in another town for that evening, and when 
they started up the pump to see whether it was all right, and I saw 
this throbbing, I thought I was done for. I don’t know how long 
it lasted, but you could see every stroke of the pump on the shell, 
where the outside coating was taken off. 

Mr. Buackmer. I don’t know as I quite get the question. The 
new main has been laid only about a year, and some of the time 
there is direct pumping, but we haven’t had any trouble whatever 
with it; we haven’t had any leak to repair. I would like to ask 
Mr. Metcalf if he knows whether most of the data he has collected 
with regard to leaks and the cost of repairs, etc., are on the old 
style of Goodhue & Birnie pipe, or whether any of the data are 
on the newer style Phipps patent. I-think it makes quite a little 
difference in the cost of maintenance and repairs what style of 
pipe has been installed. 

Mr. Mercatr. Answering Mr. Blackmer’s question, I think 
it is a fact — I don’t know that I can state it absolutely as a fact, 
but I believe it to be a fact — that the leakage has been greater 
on the Goodhue & Birnie pipe than on the Phipps pipe, for the 
obvious reason that in the Phipps pipe the outer coating of cement 
is protected from injury in transportation and laying by this 
outer covering of steel or wrought iron, as the case may be, and by 
the fact that you are more likely on this account to get a substan- 
tial thickness of cement outside of your pipe at all points than you 
are in the case of the Goodhue & Birnie pipe, in which the casing 
or coating of cement is formed in the trench itself. 

As to the question raised by the previous speaker, I take it that 
what he refers to is the breathing of the pipe, which I presume to be 
due to the surge of the water in the pipe line. That you would 
have in the case of wrought-iron cement-lined pipe in the same way 
that you would in the case of iron pipe or steel pipe. As to 
whether it would be sufficient to rupture the cement covering of 
the pipe or not, I suppose would depend upon its magnitude. I 
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should think you would be less likely to have serious trouble from 
it, perhaps, with a cement-coated pipe than with a steel pipe, — 


_perhaps not less trouble, however, than you would have with a 


cast-iron pipe. 

The effect of surge upon the pipe was referred to by Mr. Hazen 
a few days ago in speaking to me of some tests which he had just 
observed upon lock-bar pipe and riveted pipe. I think the lock-bar 
pipe had been put under 750 pounds pressure per square inch and 
had been tight. The riveted pipe had been put under a very high 
pressure,—I am not sure that it was over five hundred pounds, but 
it was very substantial pressure. Up to a certain point Mr. Hazen 
said the pipe was perfectly tight, but a few added pounds made it 
leak all the way along under the rivet heads and along the seams, 
so that the water simply poured out; it more than seeped out; it 
ran out of the joints. Yet, when that pressure was released, or 
reduced to a slightly lower point, the pipe was tight again. Mr. 
Hazen said it almost led one to believe that a riveted pipe of that 
sort furnished its own safety valve in long mains, so that when 
the pressure got intolerable, the pipe would open and let the 
water out. 

Mr. CALDWELL. May I say a word in answer to Mr. Dean’s 
question? I think I can speak for the provinces of Ontario and 
Quebec, for I have covered that territory pretty thoroughly, and 
I do not know of their using any cement-lined pipe for mains in 
either of those. provinces. 

W. H. Ricwarps (by letter).* If Mr. Metcalf’s paper should 
encourage the use of cement-lined mains in any place where the 
conditions of a modern city prevail, except where some rare 
quality in the water precluded the use of cast iron, it would be 
most unfortunate. 

The use of cement-lined pipe in large quantities prevailed about 
1870 for reasons of economy (cast iron being very high). On 
this ground about twenty-three miles was laid under the direction 
of the writer between 1872 and 1884. While the number of leaks 
per mile was not excessive, the cost of repairing them, owing to 
their nature and the damage occasioned, was very great and is not 
indicated by their number. This pipe has been removed with the 
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exception of 8 miles, aad the cost of repairs per mile has dropped 
from $30.00 to $9.00. 

The causes of failure in cement-lined pipe as observed by the 
writer were: 

1. Lack of tightness of the shell. The porosity of the lining 
allows moisture to pass through to the shell, and, unless the shell is 
tight, to pass under the outside coating where the water, together 
with the air, corrodes the shell from the outside. This was over- 
come, and at the same time the strength was greatly increased, by 
using spiral riveted shells, the seams of which were filled with 
liquid wood pulp under pressure, after which the shell was dipped 
in asphalt and then lined with cement mortar made of carefully 
selected materials. Pipe constructed in this manner in 1883 is 
now in as good condition as when laid. Its cost, however, is much 
higher than cast iron. 

2. Lack of strength to resist water-ram, etc. This was over- 
come as above, but at great cost. 

3. Rigidity of joint which admits of no settlement. 

4, Liability to injury from street excavation. 

The first and second objections can be overcome by a large in+ 
crease in cost and with no corresponding advantage over cast iron 
except in the rare cases where the nature of the water makes cor- 
rosion excessive. 

It is impossible to attain even partial success with cement-lined 
mains without the most careful and painstaking inspection of the 
process of manufacture and the materials entering into it, and, as 
before stated, there is no corresponding advantage gained over 
cast iron. 

In streets where excavations are freqeunt, as is the case in all 
of the larger towns and cities, cement-lined mains are entirely 
unsuitable. 

I think that any manager of water works who has had twenty or 
more years of experience with cement-lined pipes and has kept out 
of an insane asylum will endorse my views. _ 

Mr. FRANK A. BARBOUR (by letter).* I have had no experience 
in laying cement-lined pipe, but have had considerable opportunity 
to investigate its condition after use of twenty years or more. 
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At the present time there are in Peabody about thirty miles 
of cement-lined pipe, varying in size from four to twelve inches in 
diameter. In 1895 there were thirty breaks, in 1905 sixty-five 
breaks, with a gradual increase between these years, while in 
1906 and 1907, owing to the construction of sewers, the number of 
breaks rose to much higher figures. But little trouble has oc- 
curred at joints, the cause of breaks being generally corrosion from 
the outside. The leakage through this old cement-lined pipe is 
large and when the water pressure was raised 20 pounds, in 1904, 
the amount lost through the mains increased 200000 gallons 
per day. 

In Woburn, at the present time, there are about forty-five miles 
of cement-lined pipe, perhaps more than in any other place in this 
state. Recently an opportunity was afforded the writer to make 
an examination of this system for leakage, which has gradually 
increased to a point where it constitutes a large element in the cost 
of operation and is the principal cause of the present necessity for 
an increased supply. The leakage in the distribution system was 
studied by isolating small sections and measuring, by a meter, 
placed in a hose line stretched from a hydrant outside the district 
under examination to another hydrant inside this district, the 
water wasted either from the mains or by defective plumbing 
between the hours of 12 midnight and 4 a.m. If an abnormal 
quantity entered the isolated section, one street after another was 
shut off until the principal cause of the waste was located. To 
separate leakage from mains and from bad plumbing, the services 
in some cases were also shut off. In this way it was found that 
90 per cent. of the leakage was located in 19 miles of the distribu- 
tion system, the other 26 miles being in comparatively good con- 
dition. The greater part of the loss of water occurs in the smaller 
sized pipes — in one case a leakage of 100 000 gallons per twenty- 
four hours being found in 4000 feet of 4-inch pipe. This is 
probably explained by the fact that lightning, to which most of 
the breaks in Woburn are attributed, has a greater effect on 
small than on large pipe, the larger pipe, apparently, because of 
the greater sectional metal, being capable of carrying off the 
electric charge with less disastrous results. The grounding of 
telephone wires on the service pipes is believed to add to the trouble 
due to lightning. . 
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However, leakage is not confined to the smaller sizes, and in 
some sections of 12-inch pipe a loss equivalent to five or six gallons 
per linear foot was found. This might hold good for a certain 
length, while the next section of the same pipe would prove to be 
watertight. The explanation may lie in the varying character 
of the work originally done under different foreman, or to the 
effect of sewers subsequently constructed near the water pipes. 

The depreciation of the cement-lined system in Woburn has 
reached the point where comprehensive replacement with cast 
iron must be undertaken in the near future, a fact which consti- 
tutes an interesting commentary on cement-lined pipe in general. 
In 1890 the superintendent of the Woburn works presented 
a paper to this Association extolling the merits of this type of 
conduit and claiming for it superiority over cast iron. The pipe 
had then been laid seventeen years and was considered entirely 
satisfactory by him. From the reports of the Water Department it 
appears that in 1890 there were 23 breaks; in 1894; 25 breaks; in 
1896, 68 breaks (due to sewer construction); in 1900, 50 breaks; 
in 1905, 53 breaks; in 1906, 59 breaks; in 1907, 44 breaks; and in 
1908, 71 breaks. Of the 50 breaks in 1900, 18 were charged to 
rust holes, 12 to joint leaks, and 13 to thin lining, 90 per cent. 
being on the 4- and 6-inch pipe. Of the 53 breaks in 1905, 29 
are attributed to lightning, 11 to thin lining, 5 to rust, 3 to shutting 
hydrants too quickly, and 5 to joint leaks, again 90 per cent. 
being in the 4- and 6-inch pipe. It is evident that, after a use of 
twenty years, depreciation in Woburn became rapid, particularly 
since the date of installing the sewers. 

Whether this class of pipe is subject to depreciation by elec- 
trolysis is perhaps debatable, but in Peabody, on those streets where 
the service pipes have been most rapidly eaten away by electro- 
lytic action, the cement mains have on the outside the character- 
istic pitted appearance which such action develops in cast-iron 
mains, and such appearance is most marked on those streets where 
electric car tracks are located. 

In the majority of breaks which the speaker has examined, the 
iron has been weakened by corrosion from the outside, the result 
of uneven placing of the outside layer of mortar, subsequent 
cracking of this layer, or too much sand in the mortar. In many 


| 
| 
i 
: 
. 
} 


DISCUSSION. 89 


cases, however, breaks occur at points where in lining the pipe the 
cone has not been properly centered and the lining is consequently 
thin on one side. At these places scaling occurs and the exposed 
iron is reduced by rust until it cannot withstand the pressure. 

Such disabilities as unevenness of covering of cement inside or 
out, too much sand in the mixture, or injury of the outside layer 
in laying are matters of workmanship rather than the unavoidable 
conditions necessarily incidental to this type of pipe. In such 
causes lies the explanation of the failure of much of the cement pipe 
laid thirty or forty years ago, but it is well to note that this 
cause of failure can be overcome, to some degree, by better work- 
raanship — a result which has doubtless been accomplished in the 
more recent pipe of this type such as is used in Plymouth. In this 
respect, therefore, a fair criticism of this type of pipe is that for 
good results such care in manufacture and laying is required and 
such a cost necessary as compared with cast iron that under 
ordinary conditions it is neither economical nor worth while 
undertaking the responsibility of its installation. 

Regardless of workmanship, however, there are faults inherent 
in this type of conduit which precludes its general use in distribu- 
tion systems. The effects of lightning, the inability of the inelastic 
cement covering to accommodate itself to the continued pulsation 
of pumps, or abnormal water hammer in closing the hydrants, 
the inevitable injury to such pipe by the slightest movement of 
the ground during the construction of sewers, the liability to injury 
of the cement lining in tapping for service pipes, the gradually 
increasing leakage with the resulting cost in pumping system — 
all discount its use in distribution work. Whether gravity mains 
under light pressure with no service or hydrant connections may 
justifiably be laid with cement-lined pipe is largely a question of 
relative economy. I, therefore, agree with the author of the 
paper that if such pipe ought to be used at all its place is only for 
gravity supply mains and not in the distribution system. 

The Association is to be congratulated on the comprehensive 
work done by Mr. Metcalf in making available for ready reference 
so much information in regard to cement-lined pipe. The paper 
isof value, however, as an historic record rather than in the possi- 
bility that much of this type of conduit will be used in the future. 
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BY H. D. PEASE, M.D., DIRECTOR STATE HYGIENIC LABORATORY, 
ALBANY, N. Y. 
[Read November 11, 1908.] ° 

To visit one’s native city is always interesting. When that city 
is Boston it becomes a feeling of stimulation and of pride; but to 
return and talk of one’s work before an active and honored body 
of co-workers, such as the New England Water Works Association, 
should be the acme of satisfaction. 

In talking to you of the water supplies of New York State I shall 
be obliged to limit the discussion to such aspects of the subject 
as have come part:cularly under the notice of the State Depart- 
ment of Health, and this will perforce exclude many matters of 
undoubted interest to you. 

Thus I am not in a position to discuss the great work now being 
conducted in New York State towards the further development 
of the water supply of New York City. The problems involved 
in the construction and maintenance of the series of great public 
works, comprising the various water supply systems of New York 
City, are of such magnitude that they naturally exclude themselves 
from the consideration of a comparatively small department of 
state government, only a part of whose work lies in a similar 
direction. 

I wish to discuss first the proper scope of the work of a state 
department or board of health in relation to the water supplies 
of its various political subdivisions or municipalities. 

_It appears to me that the fact should not be lost sight of that 
the departments or boards in question have as the main object of 
their existence the protection of the public health and the preven- 
tion of avoidable disease. Such departments or boards should 
not, therefore, in their dealings with water supplies, be expected, 
nor should they endeavor, to cover the fields of civil engineering, 
or to assume the judicial authority of the legislature and the 
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courts except in so far as it becomes necessary to do so in order to 
fulfill their main object. 

Their chief function must always remain the protection of the 
public health and not the development of water-works engineering, 
nor the allotment of sources of water supply to variou. .wunici- 
palities. Indeed, it has always seemed from this standpoint to be 
a misfortune that there has developed in so few states a depart- 
ment or departments of state administration, whose duty in part 
or in whole should be the accurate survey and determination of 
the water supply possibilities of the state and the various uses to 
which they could be economically directed. 

No such department or departments have existed in New York 
state, although portions of such work have been performed by the 
departments of the state geologist, of the state engineer and sur- 
veyor, and from time to time by various water storage commissions 
now out of existence, and more recently by the State Water Supply 
Commission. 

The work performed by all of these departments, except the 
latter, has related to the geographic, physiographic, and industrial 
conditions of the various watersheds, while the State Water Sup- 
ply Commission was brought into being in 1905 for the purpose of 
providing for a fair and equitable distribution of the potable water 
resources of the state among the various municipalities. Some 
of these commissions have endeavored to bolster up their reasons 
for existence by attempting to absorb the functions of the State 
Department of Health in the investigation and regulation of the 
sanitary quality of water supplies, but up to this date their efforts 
have been practical'y futile. 

The fact that the State Board of Health was the proper state 
department to be placed in charge of the protection of the public 
water supplies of New York was recognized by the legislature as 
early as 1885, only three years after the organization of the board. 
This recognition consisted in delegating to the board authority to 
make rules and regulations for the protection of public water 
supplies and their sources in the state. 

This was excellent, but there were a number of conditions at- 
tached which have tended to prevent an overpowering desire on 
the part of municipalities and water companies to apply for the 
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formulation of such rules. The law provided that practically 
the entire burden of the enforcement of these rules and the whole 
expense of any changes or alterations required under their opera- 
tion should fall on the municipality or water company benefited. 

In the absence of a request to formulate these rules, the State 
Board of Health could gain little or nothing by making them, for 
the law provided that the inspections of the watershed for the 
violations of the rules were to be made by the water board or 
company whose supply was being benefited, and only upon their 
report to the State Board of Health could the latter take action 
under the law, nor could the board require that inspections be 
made by the water board or water company. This latter feature 
has been corrected by a recent amendment, which gives the state 
commissioner of health power to order regular and special inspec- 
tions to be made. 

As this law now stands, the locality to be benefited must apply 
to the department to make the rules for the protection of their 
water supply; this the department does after proper investiga- 
tion; the rules are then approved by the local boards of health in 
the districts affected by them, and are finally published in the 
public press; the municipality must pay for the changes required 
by the rules; the local water company must make regular inspec- 
tions to discover any violations of the rules and must serve notice 
upon the violator to correct them. If the violator refuses or 
neglects to comply with the rules, then the State Department of 
Health must be notified, and the latter must make an inspection 
to ascertain the true facts regarding the alleged violation; if this 
violation is found to exist, the department must then order the 
board of health of the district in which the violation occurs to 
convene and enforce obedience. If this local health board fails 
to perform this duty, then any person affected by the violation, 
from the State Department of Health down to the humble citizen, 
can begin action for the recovery of the damages and the issue of a 
restraining injunction against the violator. 

At present sixty surface supplies are protected by such rules. 
There are still, however, about two hundred public surface supplies 
in New York state not so protected. Nevertheless this does not 
of necessity mean that all these latter supplies are not potable 
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waters of good sanitary quality, for a considerable number of them 
are subjected to more or less efficient filtration and are not much 
in need of the protection afforded by the department’s rules. 

‘For the purpose of stimulating local activity toward the cor- 
rection of insanitary conditions on the watersheds of these unpro- 
tected water.supplies and of creating a sentiment in favor of the 
formulation of rules, Dr. E. H. Porter, State Commissioner of 
Health, has during tus past two years taken action along two lines. 

First, he has ordered the State Hygienic Laboratory to undertake 
the bacteriological and chemical examination of samples of water 
collected by the inspectors of the department or laboratory from as 
many municipal supplies and at such intervals as the laboratory’s 
resources would permit. 

Second, and more recently, there has been ordered a sanitary 
survey by the Division of Sanitary Engineering, of a selected list of 
fifty of these unprotected water sources. , 

Acting under these orders, we have made in the hygienic labora- 
tory examinations of 200 municipal water supplies during the last 
twelve months. Of these, 59 have been examined twice; 28, three 
times, and 20 have been subjected to repeated examinations at 
irregular intervals of an average of one month. 

In the majority of instances the collection of the first samples 
was made personally by Mr. L. M. Wachter, the chief sanitary 
chemist, who at the same time also made a preliminary and rather 
general sanitary reconnaisance of the watersheds. In this work 
particular attention has been paid to municipalities having a high 
water-borne typhoid death-rate, and to filtration systems of the 
various types. This work has accomplished decided results in 
the way of the stimulation of the local authorities to undertake the 
correction of conditions dangerous to health. 

It was as a result of this work that the city of Poughkeepsie was 
led to see clearly that the winter epidemics of typhoid fever during 
the years 1905-6 and 1907 were due to serious structural defects 
and deficiencies in the management of its historic slow sand 
filtration system. The application of the proper remedies brought 
about a most decided improvement in the typhoid situation during 
this past winter. 

The following municipalities have been influenced to a greater 
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or less extent to take steps toward the elimination of dangerous 
conditions in their water supplies by the work of the state labora- 
tory: Cohoes, which is now planning for a proper filtration system 
for its Mohawk River supply; Peekskill, which has plans at hand 
for a slow sand filtration system; Rensselaer, which wds led to 
make extensive corrections in its mechanical gravity filters; 
Elmira, which has greatly improved the operative efficiency of its 
filter plant; and Niagara Falls, which is planning a new supply 
from comparatively unpolluted portions of the Niagara River. 

As soon as sufficient data has been collected regarding some of 
the other questionable water supplies, the department will take 
vigorous steps towards the creation of a proper local public senti- 
ment for the correction of the elements of danger existing in their 
water supply systems. 

In addition to this work by the laboratory, special investigations 
have been conducted by the Division of Sanitary Engineering of 
the genera] sanitary conditions in those cities in which a high 
typhoid mortality has existed for a number of years. Among the 
cities thus investigated have been Ogdensburg, Niagara Falls, 
Elmira, Cohoes, Poughkeepsie, Newberg, Mt. Vernon, Dunkirk, 
and Corning. 

Upon the completion of these reports the Commissioner of 
Health has followed the general plan of requesting a conference 
with the mayor and other officials and citizens of each city. At 
such meetings the situation, as found upon investigation, has been 
presented by the commissioner and his staff and thoroughly ex- 
plained and discussed. In all instances where these investigations 
have shown that conditions dangerous to public health existed, 
improvements have been made or will soon be in effect. The pur- 
suance of such a policy of conferring with the responsible local 
officials and prominent citizens on matters of public hygiene of 
local import has rarely failed to give excellent results. 

In addition to these methods of direct attack against dangerous 
conditions in some municipal public water supplies, the director 
and the chemist of the hygienic laboratory or the other members of 
the Health Department’s staff have investigated in the last two 
years twenty-five outbreaks of typhoid fever in cities and villages. 
Of these fifteen were found to have been due to the continuous or 
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accidental contamination of public water supplies, either by 
domestic sewage or directly by typhoid infected discharges. 
Upon the publication of the results of these investigations, but 
after the municipality has paid a great price for its gross negli- 
gence, the usual tardy process of correcting insanitary conditions 
has usually been inaugurated and some very great improvements 
in the public water supplies have been brought about. It is a 
disgrace to have to acknowledge the necessity for the operation at 
present of this most wasteful and extravagant method of edu- 
cating the public to the essential requirements of a correct 
municipal hygiene. 
_ Dr. Eugene H. Porter, the present State Commissioner of Health, 
saw early in his term of service that an educational program for 
the instruction of local health officers and physicians, regarding 
the essential principles of the protection, purification, and general 
control of public water supplies, was likely to be productive of 
good results. He, therefore, inaugurated a system of meetings, or 
sanitary institutes. These meetings have been held in various 
parts of the state, usually during the winter. The programs have 
consisted to a large extent of papers by the members of the depart- 
ment’s staff on the various aspects of the character of the different 
types of water sources, the methods and nature of their pollution, 
the means of natural and artificial purification, and their inspec- 
tion and protection. What might be called a hygienic exhibition, 
consist ng, among other articles, of models of some of the types of 
water filtration systems and of sewage disposal plants, has been 
effectively utilized in these institutes. The attendance of health 
officers, physicians, and citizens has been excellent, and good 
results have been obtained. In addition to these institutes, the 
programs of the annual conferences of health officers have always 
contained one or more papers on these various aspects of water 
supply problems. 

Three laboratory courses for health officers have been given at 
the State Hygienic Laboratory. In addition to instruction in 
other subjects, demonstrations of methods of analysis and exam- 
inations of water have been given, and conferences upon minor 
water supply problems have been held with the laboratory staff 
by those attending. 
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In addition to the activities just enumerated, and perhaps of 
greater importance in the protection of the public water supplies, 
is the enforcement of the act of 1903, which sought to prevent 
or regulate the pollution of the public waters in New York state. 
In brief, the law provided that‘ after the date of its passage no 
sewage or other waste matter should be allowed to discharge into 
any of the waters of the state without the permission of the State 
Commissioner of Health. Important provisions, however, were 
inserted, allowing all discharges of such materials which were 
then taking place to continue unless those responsible for them 
desired to change or enlarge their sewerage system, in which case 
they became subject to the judgment of the Commissioner of 
Health in accordance with the strict provisions of the law. 

The law was given special strength by requiring the immediate 

registration of all existing sewerage systems, and providing that no 
changes or alterations could be made until plans for the same 
should have been submitted to the State Commissioner of Health 
and approved by him. Suitable penalties and opportunities for 
obtaining restraining injunctions were provided for in the act. 
' Under this law marked progress has been made in the preven- 
tion of the pollution of New York waters. But few municipalities 
are so lacking in progress that changes in their sewerage systems 
do not become necessary, and in this way the State Commissioner 
of Health is gradually having the opportunity to pass upon the 
pollution of streams by public sewers. To acquire complete super- 
vision over the long-existing private sewers and industrial waste 
discharge systems will require a Jonger period, as enlargements 
and changes in them are less frequent. 

However, even if the Commissioner of Health had been given 
immediate authority to order the cessation of the pollution of 
public waters, a considerable time would have been necessary to 
bring about the elimination of all pollution of public waters in a 
state the size and age of New York. Work of this character 
requires the careful preparation of a definite program, based upon 
accurate knowledge of not only existing conditions, but of the 
past as well, together with a clear insight into future require- 
ments. 

It has been unfortunate, as I have already remarked, that most 
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of the data and facts upon which such a program could be founded 
did not exist in compiled form at the time the law was enacted. 
Thus the duty devolved upon the State Department of Health 
not only to undertake the work of enforcing the law, but also to 
make a sanitary survey of the state so as to obtain a full knowl- 
edge of existing conditions. With inadequate appropriations, the 
present Commissioner of Health undertook this task and has 
accomplished excellent results through the activity and support 
of his corps of sanitary engineers, at the head of which is Mr. 
Theodore Horton, a native of Massachusetts and a member of 
this Association. 

Time will not permit me to discuss all the aspects of these ac- 
complishments. One of the more important has been the sanitary 
survey. of the important watersheds of the state, including the 
preparations of maps of the same, showing the chief types and 
sources of pollution. With the compilation of this data evidence 
became available for rendering sound decisions as to the degree 
of sewage purification which should be required of municipalities 
when the latter submit plans for sewers and sewage disposal for 
the department’s approval according to law. 

The grossly polluted public waters in New York state are not 


‘utilized to any great extent for potable supplies. In the cases 


where they are so utilized, filtration systems have been installed 
for their purification. The most important protection needed for 
the majority of the potable water supplies is the prevention of 
the occasional or accidental pollution of a source, ordinarily in 
good sanitary condition, and the proper control and supervision 
of the numerous filtration systems. 

For the former, the protection afforded by the State Depart- 
ment’s rules as already described might well be reinforced by 
additional provisions of law and by greatly increased appropria- 
tions for the additional engineers and inspectors needed to make 
certain that the violations of the rules are immediately brought to 
the attention of those responsible for their correction. 

The law should be amended in such a manner as to increase the 
value of the department’s rules to the various local boards of 
water commissioners or water companies without working injustice 
to the owners of riparian rights upon the watersheds. Above all, 
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however, the amendments shou'd provide that all plans for new 
water supplies or for the alteration or enlargement of existing 
ones, should be submitted to the State Department of Health 
for approval before their installation could be legally accom- 
plished. 

_ Not only are increased appropriations needed for the work of 
the engineers, but also for the laboratory study of the existing 
conditions from the chemical and bioldgical standpoints. 

We are painfully aware that except for the scientific investi- 
gations carried out for the New York City commissions on addi- 
tional water supplies and those made by investigators in the 
employ of some of the larger cities, such as Buffalo, Rochester, 
and Albany, there has been but little available data of a scientific 
and technical character systematically arranged which relates 
to the sanitary quality of the large bodies of surface waters in 
New York State, and practically nothing regarding the condition 
of the ground waters except upon Long Island. These latter are, 
of course, not so important as the former, as they are less subject 
to pollution. 

A systematic study from the laboratory standpoint of all the 
natural water resources of the state is most desirable; but it 
cannot be undertaken until very much larger appropriations are . 
made for the state hygienic laboratory. 

Only a slightly increased appropriation for the laboratory would 
make it possible to analyze the water from all supplies more fre- 
quently; to encourage more efficient water filtration by deter- 
mining at short intervals the quality of the work done by the filter 
plants; and to improve the character of the effluents from 
sewage disposal plants by the assistance it would be to those in 
charge of such plants to have frequent analyses made of the efflu- 
ents and of the sewage in successive stages of the processes. 

Personally I am of the opinion that not until provision has been 
made for our efforts in these directions should resources be directed 
toward the solution of fundamental problems in water and sewage 
purification and the elimination of trade wastes, by original 
research. For its. successful prosecution, scientific research re- 
quires a well-developed foundation of routine accomplishment. 
By the intelligent and progressive development of the latter field 
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we bring about conditions favoring the successful excursions 
into the fields of the unknown. 

We in New York would like well to follow the example of Massa- 
chusetts and enter the domain of original research but we realize 
the necessity for the better preparation of our field of effort and 
for a more accurate knowledge of the problems involved before 
we make the venture. 


DISCUSSION. 


Tue Presipent. Dr. Pease’s paper is now before you. 

Rosert 8. Westron.* I became acquainted with Dr. Pease about 
ten years ago at a meeting of the American Public Health Asso- 
ciation. I have met him at least once a year since, and I want you 
all to know how large a part of the excellent beginning which the 
state of New York has made is due to Dr. Pease’s personal efforts. 
I know that he has worked day and night to make this thing a 
possibility in his own state, and he has done it with very great 
devotion and at great personal sacrifice. 

I think it is very evident from what he has said that the educa- 
tional part of the preventive work which has to be done against 
typhoid fever is a very important one. We have reached a place 
in Massachusetts where further work in the improvement of our 
water-works systems and sewage disposal plants will have but 
little effect on the lowering of the typhoid fever death-rate, and 
where a portion of the money which is now spent for laboratory 
work and sanitary engineering work might be in the future diverted 
profitably toward the employment of what might be called typhoid 
fever missionaries to instruct the local authorities and local physi- 
cians in the prevention of typhoid fever by the prevention of 
throwing away the dejecta of the patients, thus estopping con- 
tamination at its source. We have done the more obvious and 
general work and have reason to feel proud of our State Board of 
Health for doing it so well. Next must come the more local and 
more difficult task of the sanitary education of small localities. 

Pror. WiLu1AM T. Sepewick.t Mr. President, as I sat here I 
have been thinking of one great oversight that seems to me to 
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have occurred when Grover Cleveland died. We heard much then 
of the various things that he had done, but so far as I know nobody 
pointed out the fact that he either invented or introduced into 
common use the phrase “‘a campaign of education,” a phrase 
which has become the watchword of our modern life, and nowhere 
more, perhaps, than in this matter of sanitation, so much so that 
I was glad to hear Dr. Pease say in the earlier part of his paper 
that it was necessary in all these things to have “a campaign of 
education.” 

We were fortunate in Massachusetts when our State Board of 
Health was reorganized in 1886 that the reorganization was in the 
hands of a man like our honorary member, Dr. Walcott, who was 
broad enough to be a good deal more than a physician, and who 
realized that we had to bring engineering and law to the service of 
the State Board of Health, ours being a board and not a single- 
headed commission; and that that board approached these prob- 
lems de novo, and saw that we needed to consider how to go to work 
to get hold of our water supplies by the right end, and to get at 
them quickly. If you will turn back to that original act of 1886, 
which called for the submission to the board of all plans involving 
changes or improvements in our water supply and sewerage sys- 
tems, you will realize, I think, as never before, that we were 
fortunate in having that provision inserted in the statute so that 
all these matters come under the State Board of Health, i. e., 
our central state sanitary authority similar to that of the com- 
missioner in New York. That was more than a happy accident; 
it was a real stroke of genius on the part of the men who, without 
any particular models except those of Old England, planned for this 
portion of New England what we think to be the best form of 
procedure. 
_ We have been greatly favored to-day in hearing about this good 
work which has been done in the state of New York. It is neces- 
sary work and it paves the way for still better work. The hy- 
gienic laboratory ought to be strengthened there, the hands of the 
commissioner ought to be upheld. But I think there is one thing 
that the state of New York wants quite as much as it does these 
other matters. It wants a kind of New England Water Works 
Association which shall bring together the practical managers of 
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water works, the men behind the guns, from all over the state of 

New York into a meeting like this, and shall bring Dr. Porter, Dr. 

- Pease, Mr. Horton, and all the others connected with the work into 
close touch with the practical men. I have known this Associa- 
tion for a good while. Its membership is not limited to Massa- 
chusetts; it is not limited even to New England; but I really 
believe that one of the strongest forces that we have had in New 
England for the improvement of our water supplies has been this 
voluntary association of professional craftsmen, water supply men, 
for the study of these great and important public problems. This 
association began very early inviting to its membership other 
prominent water supply men, such as chemists, bacteriologists, 
and the like. Professor Drown and others now gone used to at- 
tend even the early meetings and were always welcome. And 
that happy conjunction of experts with practical men has gone 
very far, not only toward the actual improvement of supplies, but 
toward sound legislative work and toward higher standards, 
toward that campaign of education which has enabled us in New 
England to get on as far as we have got. 

It is our proud boast that now all over New England the water 
supplies, broadly speaking, are in good condition. There are 
exceptions, of course, but, broadly speaking, they are indeed so. 
And that they are in good condition is very largely due to the co- 
operation of practical men with scientific men. And as a timely 
illustration we are hearing from Dr. Pease to-day; we are learning 
of things that are up to date in a sister state which is a veritable 
empire in itself. I think we may well congratulate the state of 
New York that it has got this health administration and that it is 
carrying on work in this practical direction. 

I believe that Dr. Pease is quite right. They must begin at the 
nearest and most urgent point; they must get things into as good 
shape as they can immediately before going into elaborate re- 
searches; and I do not believe there would be any better way of 
making the wheels turn rapidly than to form an association like 
this one, and, until then, to get this one, from time to time, to meet 
in New York state. 

Ezert E. Locuripee.* Mr. President, we have had this word 
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from New York as to what they are trying to do and what they 
are doing there, and the statement of the conditions on their water- 
sheds. I would like to bring before the New England members of 
this Association a point that we have to meet right here at home 
this fall. We have gotten our watersheds in pretty good shape; 
-we have looked out for their cleanliness; we have gotten adequate 
storage; we have gotten water supplies which, on account of this 
storage, in a way take care of themselves with the ordinary care 
which they can be given. But this fall our water supplies are all 
drawn low. In Springfield we have but about two months’ supply 
left, and we are beginning to get a little frightened. In several 
other towns in the western part of the state the reservoirs are very 
low, and I have no doubt the same thing is true all over New 
England; I know it is through Connecticut. 

_ With this low stage of the impounded water and the frost which 
is just about to go into the ground, we are going to have water 
coming down from melting snows and from heavy rains and filling 
our reservoirs and giving us for use immediately unstored water; 
and it seems to me time to call attention very decidedly to the 
sanitary conditions of our watersheds, as there has been no time 
in years when the water will go so directly from the watershed, giv- 
ing the land the wash it needs, and that we do not need for a water 
supplv, as drinking water. 

Proressor Sepewick. May I add a word which is suggested 
by what Mr. Lochridge has said. A young man in my employ in 
another state called my attention the other day to the fact that 
the present low state of our water supplies with the general absence 
of typhoid fever made the old Pettenkofer theory iook, as he ex- 
pressed it, “like thirty cents.” That theory was that when we 
have low ground water, we have high typhoid. Now, we haven’t 
been having high typhoid this autumn of very low ground water, 
at least in most places we haven’t been, and I believe the reason 
to be just what Mr. Lochridge suggests, namely, that the germs are 
held back. They have not been allowed to get into the water, or 
have been unable to get into the water. And he utters a most 
timely warning when he reminds us that the great epidemics of 
Plymouth, Penn., and of New Haven, Conn., both occurred under 
precisely these conditions of heavy rains and melting snows after a 
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long period of drought, with the washing in of stuff accumulated 
previously and held back upen the banks. 

Pror, Leonarp P. Kinnicutt.* I should like to say a few words 
suggested by what Mr. Lochridge has said. First, however, I wish 
to express my appreciation of Dr. Pease’s account of what the 
board which he represents has accomplished in the state of New 
York. I was especially interested in what he said regarding the 
educational movement, and I believe the holding of sanitary insti- 
tute meetings all over the state will do more for good sanitation 
in New York than any other one thing. Such a movement would 
clo a great deal of good in our state where a large majority of the 
people know nothing and consequently care very little about muni- 
cipal sanitation. In my own city, for instance, the money neces- 
sary to purify satisfactorily the sewage of the city is very, very 
slow in being appropriated by the city government, because the 
citizens have absolutely no idea of the necessity of preventing the 
pollution of inland waters. Once arouse them to this necessity 
and the common council would quickly find the means for the 
carrying out of their desires. What better way of arousing inter- 
est in municipal sanitation is there than by an educational move- 
ment such as Dr. Pease has described? 

Regarding the work of the New York State Department of 
Health, I have seen the results in two or three of the manufacturing 
towns of northern New York. Ballston Spa, for instance, where 
all its sewage two years ago ran untreated into Saratoga Lake, now 
on request or demand of the department has built septic tanks 
and contact beds for the treatment of sewage. 

Take the manufacturing town of Gloversville, with a sewage 
remarkable for the amount of trade waste it contains; they have 
been compelled to take action and are now conducting, under the 
supervision of Harrison B. Eddy, one of our members, a most 
interesting series of experiments so as to be able to treat the 
sewage in a satisfactory manner. The same can be said for towns 
and cities all through the state, and is the visible result of the work 
that Dr. Pease has so well described to us to-day. 

This is a long introduction to what I really rose to speak about, 
and which was suggested to me when Mr. Lochridge said that as a 


* Professor of Chemistry, Worcester Polytechnic Institute, Worcester, Mass. 
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rule the water supplies of Massachusetts are in a state that they 
can take care of themselves. To that statement I cannot agree. 
Our water supplies are not in a state where they can take care of 
themselves. They need and require constant attention and super- 
vision. Take, for instance, the water supply of Worcester, which, 
like many Massachusetts towns, is an impounded reservoir supply, 
and may be considered as an excellent supply. The watershed 
contains no small villages and is sparsely inhabited, yet it is not a 
water supply that can take care of itself, nor a supply without 
sources of danger, sources that may at any time give rise to a 
typhoid fever epidemic. What are these sources? On the water- 
shed of one of the impounded reservoirs there are ten sources where 
it is possible for animal matter, namely, the refuse from man or 
man’s habitations, to pollute the water. On the watershed of 
the other reservoir the sources of pollution are not so many, but the 
reservoir is situated within two miles from the end of one of the 
most popular trolley lines, and on Sundays and holidays many 
persons ean be seen wandering along the shores of the reservoir. 
What is true of Worcester is true of many impounded reservoirs 
in our state, and such water supplies cannot take care of them- 
selves, but need constant supervision and inspection. Every 
watershed of a potable water should have special guards, appointed 
by the water board or board of health, whose sole duty should 
be the guarding of the watershed from pollution. 

Professor Sedgwick and Mr. Lochridge have pointed out the 


danger of pollution of impounded waters at the present time due 


to the fact that the water in all our reservoirs is low, and that the 
first real storm will not only bring into the reservoir all the dirt 
that has accumulated during the past dry summer and autumn, 
but, owing to the small amount of water in the reservoirs, there 
will be little time for sedimentation, and the water from the water- 
shed will quickly be carried into the supply pipes. The warning 
that they have given of the necessity of immediately inspecting 
the watersheds and removing all sources of pollution is most 
timely, and if not heeded will be sure to result in a high typhoid 
fever death-rate during the present winter or coming spring. 

The effect of a slight rainfall such as we had in Worcester two 
weeks ago was shown by the immediate increase of about fifty 
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per cent. in the number of bacteria in a given quantity of one of our 
reservoir waters. 

Dr. Pease. Mr. President and Members of the Association: I 
wish to thank you for the very kind expressions which have been 
- voiced this afternoon, and I am particularly gratified at the 
manner in which you have taken the matter of the educational 
work which we are trying to carry on in New York state. Just 
as an example of the fact that people really are interested in these 
hygienic problems, I would like to relate an instance where we 
showed this hygienic exhibition which I spoke of — models of 
sand filtration systems and mechanical filtration systems and of 
septic tanks. We demonstrated this in conjunction with our 
large traveling tuberculosis exhibition in the city of Albany, and 
we had to get our demonstrators to keep the people away from the 
hygienic exhibitions in order to interest them in the tuberculosis 
exhibit. 

Our people are tremendously interested in all these lines of tech- 
nical work conducted by boards of health and particularly by 
water departments, and the only reason they do not take even 
more interest and know more about them is because the water 
departments do not organize little excursions out to the filtration 
systems to demonstrate to the people what they are actually 
doing. The Health Department of the state of New York would 
have gone on with meager appropriations until the crack of doom 
if they had not interested the people of the state in what they were 
doing. The old method had been tried for nearly an entire genera- 
tion, and it was almost impossible to get additional money out of 
the legislature. Now we are going to get it because the people 
are interested in our work and will see to it that proper appro- 
priations are made. 

R.C. P. CoacesHaui.* Mr. President, as I am personally largely | 
responsible for the invitation which brought Dr. Pease here, I 
‘ want to say that I feel more than repaid by what has been said by 
him and by the discussion that has taken place, and I sincerely 
hope that we will have the pleasure of hearing him again. 


* Superintendent Water Works, New Bedford, Mass. 
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DECEMBER MEETING. 


Hote, BRUNSWICK, 
Boston, December 9, 1908. 


President Martin in the chair (Vice-President King presiding 
later). 
The following members and guests were in attendance: 


Honorary MEMBER. 


F. W. Shepperd. — 1. 
MEMBERS. 


C. H. Baldwin, L. M. Bancroft, F. A. Barbour, G. W. Batchelder, J. E. 
Beals, F. D. Berry, A. E. Blackmer, J. W. Blackmer, George Bowers, E. C. 
Brooks, G. A. P. Bucknam, W. L. Butcher, C. E. Chandler, J. C. Chase, Harry 
W. Clark, R. C. P. Coggeshall, M. F. Collins, G. W. Cutting, Jr., F. W. Dean, 
John Doyle, M. J. Doyle, E. D. Eldridge, J. A. Fitch, F. F. Forbes, E. V. 
French, F. L. Fuller, C. W. Gilbert, D. H. Gilderson, Albert 8. Glover, F. H. 
Gunther, R. A. Hale, R. K. Hale, F. E. Hall, J. O. Hall, J. C. Hammond, Jr., 
T. G. Hazard, Jr., D. A. Heffernan, J. L. Howard, C. L. Howes, W. 8. Johnson, 
E. W. Kent, Willard Kent, G. A. King, J. J. Kirkpatrick, Hugh McLean, N. A. 
MeMillen, D. E. Makepeace, A. E. Martin, W. E. Maybury, John Mayo, F. E. 
Merrill, Leonard Metcalf, H. A. Miller, William Naylor, F. L. Northrop, E. M. 
Peck, T. A. Peirce, A. M. Quick, Henry Roberts, L. C. Robinson, Ransom 
Rowe, H. W. Sanderson, A. L. Sawyer, W. H. Sears, E. M. Shedd, C. W. 
Sherman, W. E. Smith, G. A. Stacy, J. T. Stevens, W. F. Sullivan, L. A. Tay- 
lor, R. J. Thomas, W. H. Thomas, J. L. Tighe, J. A. Tilden, G. W. Travis, 
L. L. Tribus, W. H. Vaughn, C.-K. Walker, J. H. Walsh, R. S. Weston, F. B. 
Wilkins, F. I. Winslow, G. E. Winslow. — 84. 


ASSOCIATES. 


The Anderson Coupling Company, by Charles ©. Pratt; Ashton Valve 
Company, by C. W. Houghton; Builders’ Iron Foundry, by A. B. Coulters and 
F. N. Connet; Chapman Valve Manufacturing Company, by Edward F. 
Hughes; Hersey Manufacturing Company, by Albert S. Glover, J. A. Tilden, 
and W. A. Hersey; International Steam Pump Company, by Samuel Harrison; 
Ludlow Valve Manufacturing Company, by H. F. Gould; Charles Millar & 
Sons Company, by Charles F. Glavin; H. Mueller Manufacturing Company, 
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by George A. Caldwell; National Meter Company, by C. ‘H. Baldwin, H. L. 
Weston, and J. G. Lufkin; Rensselaer Manufacturing Company, by F. 8. 
Bates and C. L. Brown; A. P. Smith Manufacturing Company, by F. N. Whit- 
comb; Union Water Meter Company, by Edward P. King; United States 
Cast Iron Pipe and Foundry Company, by F. W. Nevins; Water Works Equip- 
ment Company, by W. H. VanWinkle. — 21. 


GUESTS. 
R. Lorine, M.D., Coronado Beach, Cal.; J. G. Hill, water commissioner, 


Lowell, Mass.; John H. Damon, Plymouth, Mass.; A. Fleming, water com- 
missioner, Lawrence, Mass.; and E. L. Field, Northfield, Vt. — 5. 


On motion of Mr. Bancroft the Secretary was directed to cast 
the ballot of the Association in favor of the election of the following 
named as active members, and he having done so, they were 
declared duly elected: O. C. Merrill, Berkeley, Cal., assistant engi- 
neer reporting on the practicability and cost of a private water 
supply for the buildings and campus of the University of California 
at Berkeley; Dr. John C. Otis, Poughkeepsie, N. Y., commissioner 
of public works and president of the Board of Public Works. 

The first paper on the program for the afternoon was by Mr. 
Leonard Metcalf, consulting engineer, Boston, Mass., on ‘‘ Wrought- 
Iron Cement-Lined Water Pipe.” Before presenting his paper Mr. 
Metcalf said: 

““ T would like to take this opportunity of saying a word to you 
in regard to the work of your Committee on Water and Water 
Power Diversion Awards. You will recollect that we sent out 
postal-card inquiries to the membership some time ago asking for 
replies from all who had information in regard to damages which 
had been awarded, or awards which had been made under order 
of the court or other judicial authority in water-power diversion 
cases, and we have received a certain number of replies. It 
seemed to us, however, that we ought to have more than we have 
thus far received, and we are, therefore, sending out a second set 
of postal cards, asking you if you will not please return them, 
stating definitely whether you have or have not any information 
which you can give us on this point. We don’t want to let any 
good information escape the Association if we can help it. We are 
also sending out to those who have signified the fact that they 
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have such information circulars upon which the essential data for 
which we are asking can be given, and we will be very glad to send 
them to any others whom you may. suggest to us as probably 
having information, if we haven’t them upon our list.” 

Mr. Metcalf then proceeded to give a synopsis of his paper, 
which was before the members in proof print. The following- 
named gentlemen took part in the discussion: Arthur E. Black- 
mer, Robert S. Weston, E. W. Kent, R. C. P. Coggeshall, Frank L. 
Fuller, Frank A. Barbour, Leonard C. Robinson, President Martin, 
John C. Chase, Joseph A. Fitch, J. C. Hammond, Jr., Edward V. 
French, and Edwin C. Brooks. 

The next paper was entitled “ Newton (N. J.) Water Works, 
with Special Relationship to the Storage and Diversion Features 
and Legal Proceedings Growing Therefrom,” by Louis L. Tribus, 
consulting engineer, New York. The subject was discussed by 
Richard A. Hale, Charles E. Chandler, William 8. Johnson, George 
A. King, and Leonard Metcalf. 

Adjourned. 


ANNUAL MEETING. 


Hote. BRUNSWICK, 
Boston, January 13, 1909. 


The President, Mr. Alfred E. Martin, in the chair. 
The following-named members and guests were present: 


MEMBERS. 


8. A. Agnew, A. F. Ballou, L. M. Bancroft, F. A. Barbour, G. W. Batchelder, 
A. E. Blackmer, J. W. Blackmer, C. A. Bogardus, G. A. P. Bucknam, James 
Burnie, W. L. Butcher, L. G. Carleton, George Cassell, J. H. Child, C. E. Childs, 
F. L. Clapp, H. W. Clark, R. C. P. Coggeshall, M. F. Collins, W. R. Conard, 
G. W. Cutting, Jr., L. E. Daboll, C. E. Davis, M. J. Doyle, E. R. Dyer, E. D. 
Eldridge, C. R. Felton, F. F. Forbes, F. L. Fuller, F. J. Gifford, C. W. Gilbert, 
J. C. Gilbert, Albert S. Glover, F. H. Gunther, R. A. Hale, R. K. Hale, F..E. 
Hall, J. O. Hall, D. A. Heffernan, H. G. Holden, J. L. Howard, W.'S. Johnson, 
E. W. Kent, Willard Kent, F. C. Kimball, G. A. King, J. J. Kirkpatrick, H. O. 
Lacount, E. E. Lochridge, A R. McCallum, Hugh McLean, N. A. MeMillen, 
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D. E. Makepeace, A. E. Martin, F. E. Merrill, G. F. Merrill, H. A. Miller, 
William Naylor, F. L. Northrop, E. M. Peck, Henry Roberts, H. E. Royce, 
P. R. Sanders, E. M. Shedd, C. W. Sherman, G. A. Stacy, W. F. Sullivan, L. A. 
Taylor, H. L. Thomas, R. J. Thomas, W. H. Thomas, L. D. Thorpe, D. N. 
Tower, G. W. Travis, W. H. Vaughn, C. K. Walker, J. C. Whitney, George E. 
Winslow. — 78. 


ASSOCIATES. 


Allen & Reed, Inc., by Murray G. Millikin; Anderson Coupling Company, 
by Charles E. Pratt; Harold L. Bond Company, by F. M. Bates; Builders’ Iron 
Foundry Company, by A. B. Coulters; Chapman Valve Manufacturing Com- 
pany, by Edw. F. Hughes; George E. Gilchrist Company, by F. A. Leavitt; 
Hersey Manufacturing Company, by Albert S. Glover, H. D. Winton, and 
Walter A. Hersey; Ludlow Valve Manufacturing Company, by H. F. Gould; 
Charles Millar & Sons Company, by Charles F. Glavin; H. Mueller Manufac- 
turing Company, by George A. Caldwell; National Meter Company, by H. G. 
Lufkin and H. L. Weston; New York Continental Jewell Filtration Company, 
by R. E. Milligan; Norwood Engineering Company, by H. W. Hosford; 
Rensselaer Manufacturing Company, by C. L. Brown; A. P. Smith Manufac- 
turing Company, by F. N. Whitcomb; Thomson Meter Company, by E. M. 
Shedd; Neptune Meter Company, by H. H. Kinsey; Union Water Meter 
Company, by Edw. P. King. — 21. 


GUESTS. 
Millard F. Hicks, treasurer Portland Water District, and Chesley L. Ward, 
superintendent Meter Department, Portland, Me.; Dwight L. Agnew, North 
Scituate, Mass.; Ivers M. Low, superintendent, Weymouth, Mass.; F. H. 
Hayes, of the F. H. Hayes Machinery Company, Boston, Mass.; F. J. Merrill, 
W. Hoare, and E. C. Allen, engineer, Manchester, Mass.; George Goodhue, 
Concord, N. H.; C. E. Hall, Wallingford, Conn.; C. H. Tuttle, Bristol, R. I. — 
11. 


Mr. Bertram Brewer, city engineer of Waltham, Mass., gave an 
interesting talk, illustrated by lantern slides, on “ Cuba and the 
Havana Water Works.” F 

The following-named were elected to membership, their apyii- 
cations having been duly approved, and one ballot cast for them 
by the Secretary, in accordance with the vote of the Association 
on motion of Mr. Frank L. Fuller: 


Active. — Herbert D. Pease, Albany, N. Y., director of the New 
York Hygienic Laboratory; Leonard M. Wachter, Albany, N. Y., 
chemist at Albany Filtration Plant and sanitary chemist, New 
York State Department of Health; Arthur E. O’Neil, Watertown, 
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Mass., superintendent of pumping stations, Metropolitan Water 
Works; Millard F. Hicks, Portland, Me., treasurer Portland Water 
District; Charles H. Tuttle, Bristol, R. I., superintendent Bristol 
and Warren Water Works; Fred M. Hutchinson, Somerville, 
Mass., engineer and foreman with Somerville Water Works. 
Associate. — N. H. Hayes, Hayes Machinery Company, South 


Boston, Mass. 


¥ Mr. Alfred E. Martin, the retiring President, then delivered the 
following address: 


by ci ADDRESS OF THE RETIRING PRESIDENT. 


Gentlemen of the New England Water Works Association, — 
Among the many memories which have kept pace with my jour- 
neyings from boyhood days is one of a remark attributed to a 
certain boy in answer to another’s attempt to air his self-supposed 
superior knowledge of a certain dead language by quoting the old, 
familiar phrase, ‘Tempus fugit.” ‘Oh, yes,” said the former, 
“T know that, and my father says it fugits like everything.” It 
seems to me as I stand here to-day that the above applies very 
forcibly to the year just closed, for no twelve months of my 
existence have ever gone into history with such remarkable 
celerity. I can hardly realize that it is fully a year since my 
advent as your president, and I almost feel like singing with the 


poet, 
“ Backward, turn backward, O Time, in thy flight.” 


But time never turns backward, and be our journey long or short, 
few of us, I think, would care to try it over or make a wiser use 


_ of our opportunities. 


But Father Time has a sadder story for us to-day, for the “ grim 
reaper ” has been busy in our ranks and has taken eight of our 
active and one of our honorary members on the journey to that 
country from whose bourn no traveler returns. I will merely 
call their names here, for their history has already been inscribed 
on our records, and to those of you who knew them intimately 
there is no necessity for eulogy such as my ungifted tongue could 
pronounce. I will ask the members to stand while I read the list 
of those who have crossed the great divide during the last year: 
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R. C. Bacot, Jr., superintendent meter department, Port Ches- 
ter, N. Y. Elected to membership in this association December 
12, 1888. Died December 12, 1908. 

Charles H. Campbell, 126 Liberty Street, New York City. 
Elected to membership June 28, 1905. Died March 24, 1908. 

Bartholomew Dwyer, assistant superintendent water works, 
Hartford, Conn. Elected to membership September 13, 1905. 
Died December 14, 1907. 

I. T. Farnham, city engineer, Newton, Mass. Elected to mem- 
bership December 13, 1905. Died September 19, 1908. 

A. W. Hunking, Lowell, Mass. Elected to membership June 11, 
* 1890. Died November 12, 1908. 

J. O. A. Laforest, Quebec, Canada. Elected to membership 
December 14, 1892. Died December 28, 1907. 

Claude P. Nibecker, sanitary engineer, Pittsburg, Pa. Elected 
to membership November 19, 1905. Died November 10, 1908. 

George E. Wilde, assistant superintendent Distribution Depart- 
ment, Metropolitan Water Works, Boston, Mass. Elected to 
membership June 18, 1886. Died July 17, 1908. 

Charles Hermany, chief engineer and superintendent of the 
Louisville, Ky., Water Company. Elected honorary member of 
this Association September 14, 1904. Died January 18, 1908. 

All of the above, except the last named, were active members of 
this Association, and he was an honorary member. 

Our total membership is now 696, a net loss for the year of 6. 
At first thought this would appear a retrogression, but when we 
note that the above is the absolute net membership, that all whose 
assessments were overdue have been dropped from the rolls, it 
is not in reality so bad as it seems, for we have 696 actual paying 
members, no dead wood at all. 

Right here it may not be out of place to suggest that if some 
way could be devised to keep the Secretary more closely in touch 
with those members who are liable to get in arrears, it might be 
possible to avoid such a large list of delinquents as has appeared 
this year, namely, thirty-eight, of whom seventeen have been 
reinstated upon payment of all arrearages. It would seem a good 
plan for the Executive Committee to take this matter up and 
recommend an amendment to the By-Laws to the effect that the 
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Secretary shall remind those who are getting behind in their dues 
at least quarterly, and it seems to me that by thus oftener calling 
their attention to the fact, fewer would let their membership lapse 
by neglect or forgetfulness. I can hardly believe that twenty-one 
members would have allowed themselves to be dropped from this 
Association if they could have been reminded of their liability 
earlier in the game, so to speak. 

Our finances are still in a prosperous condition, the Treasurer’s 
report showing upward of $2 700 cash on hand, besides an invest- 
ment of $1 815 for railroad bonds, the par value of which is $2 000, 
and which would now sell in the market for $1 920, thus making 
available assets of over $4 600, an increase of $600 or more over 
last year. 

Our JourNat has kept pace with the growth of this Association, 
and is, as it has always been, an up-to-date publication. It was 
with much regret that I learned as long ago as our June meeting 
that Mr. Sherman would not be a candidate for reélection as its 
editor. For ten years he has had charge of its publication, and 
under his care it has grown to be of the greatest value to the mem- 
bers of the Association. He has given to it fully and unreservedly 
of his time and strength, and it is not surprising that with the 
increased responsibilities of his regular occupation he has come to 
feel that it is too much of a burden to be longer borne. Without 
doubt much of its value and worth to-day are due to his ceaseless 
and untiring devotion to and love for the Association, whose 
proceedings it chronicles. If we must lose him we are to be con- 
gratulated that in his successor we are to have one who will un- 
doubtedly follow in his footsteps and be guided and advised, for a 
time at least, by his experienced mind and wise counsels. His 
table showing the progress of the Association from its beginning 
is again published as a part of this report, and includes the year 
1908. 

Our winter meetings have proven helpful and interesting and 
have all been well attended, and I think that none who have been 
present at them have ever gone away with the feeling that they 
have not been well repaid for the effort, if in no other way than in 
the sociability and good-fellowship thus engendered between the 
members. 
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On the 21st of June the Association visited Plymouth, and under 
the efficient management of Messrs. King, of Taunton, and Tower, 
of Cohasset, the committee appointed to arrange for the excur- 
sion, also in spite of the weather, which was extremely hot and 
unfavorable, about eighty members and guests passed a very 
enjoyable day. After a short meeting at the armory, where we 
were welcomed and very hospitably entertained by the town offi- 
cials, the workshop of the water department was inspected and the 
process of manufacturing large-size wrought-iron, cement-lined 
water pipe was witnessed and proved interesting to us all. Pil- 
grim Hall, the Rock, and the monument were the next objects of 
interest, and then electric cars were boarded for a ride to Hotel 
Pilgrim, where an excellent shore dinner was served. An inter- 
esting incident of the day was the meeting of the surviving charter 
members of this Association, six in number, namely, H. G. Holden, 
R. W. Bagnell, C. K. Walker, F. E. Hall, A. S. Glover, and R. C. P. 
Coggeshall, and as a result of the meeting a group photograph 
of them now adorns a page of the September number of the Jour- 
NAL. Of the six, four are ex-presidents of the Association, the 
fifth has been our secretary and junior editor of the JouRNAL, and 
the sixth, Mr. Bagnell, has been made a life member of this Asso- 
ciation. After the dinner an opportunity was given to witness 
the work of laying the before-mentioned cement-lined pipe. The 
speaker was forced to miss this part of the program by a long 
search for head covering, caused by a too careful waiter who could 
not remember the place where he put it. I have no doubt the 
process was interesting and instructive to those who saw it. 

The annual convention of the Association, in accordance with 
the expressed wish of many of its members, was held in Atlantic 
City, N. J., September 23, 24, and 25. The attendance was not 
so large as could have been desired or expected, but those who 
were present were well repaid. The headquarters of the Associa- 
tion were at the Traymore Hotel. Upwards of two hundred and 
fifty members and guests were registered, nearly all of whom made 
the Traymore their home for the three days. The business meet- 
ings were well attended and very helpful, and many able papers, 
followed by general discussion, were presented. I wish to express 
my personal obligation to the general chairman, Allen Hazen, for 
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his zeal in marshaling members to the convention hall where the 
business sessions were held. 

While business was the chief object of the assemblage, yet there 
was time for recreation as well. The roller chair parade on the 
board walk, in which over ninety double chairs were in line, was a 
novel and pleasing experience. The reception to the officers and 
their wives which followed was enjoyable and promoted socia- 
bility. The exhibition drill of the life-saving crew, which was 
ordered by the mayor of the city as a compliment to the Associa- 
tion, proved an interesting and instructive feature. On Friday, 
the last day, a trolley trip was indulged in to the pumping station 
of the Atlantic City Water Works. Some time was profitably 
spent looking over the plant, and here the speaker (at least) had 
his first introduction to that active resident of the state of which 
so much has been written and spoken, namely, the ‘“ Jersey mos- 
quito.” 

Among the various committees which have been appointed 
during the year are the following: 

At the March meeting a committee of five was appointed to look 
after and keep track of legislation and other matters pertaining 
to the conservation, development, and utilization of the natural 
resources of the country. 

At the September convention a committee of seven was ap- 
pointed to gather statistics relative to the depth at which water 
pipes are laid and the resultant experiences with frozen pipes in 
New England and different places of the country. 

When these committees shall have formulated and presented 
their final reports they should make a most valuable addition to 
our literature. 

Reports of the Secretary, Treasurer, Editor, and Auditing Com- 
mittee will show in detail the standing of the Association, finan- 
cially and otherwise. The faithful work of these officers should 
not pass unnoticed, and the Association will do well to continue 

them in office. 

My duties of the past year have been lightened by the active 
and earnest-work on the part of the various committees, to whom 
I return heartfelt thanks. 

From the inception of this organization, all through the inter- 
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vening years to the present time, the work has been characterized 
by devotedness of purpose which must result in new life ever being 
diffused throughout the ranks, and in the maintenance of that 
high standing in the community to which the Association is 
entitled. 


The Secretary, Mr. Willard Kent, submitted the following 
report: 


REpPoRT OF SECRETARY. 


Mr. President and Members of the New England Water Works 
Association, — Your Secretary submits the following report of 
membership, moneys received, and disbursements approved on 
account of the New England Water Works Association for the 
year ending December 31, 1908: ; 


MEMBERSHIP. 


The present membership of the Association is 696; that of one 
year ago was 702, a loss of 6 during the year. 

The detailed statement of the changes in membership during 
the past year in the several grades is as follows: 


MEMBERS. 


Withdrawals: 


Members elected in 1907, qualified 


| 
{ 
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Reinstated: 
Members dropped in 1907 
Members dropped in 1908 


HONORARY MEMBERS. 


Honorary members 
Died 


ASSOCIATES, 


Total number of associates 
Withdrawals: 


SumMARY OF RECEIPTS AND DISBURSEMENTS OF THE NEW ENGLAND WATER 
Works ASSOCIATION FOR THE YEAR 1908. 


RECEIPTS. 
Initiation fees 
Annual dues: 


Members $1 920.00 
Associates 750.00 $2670.00 


Fractional dues: 
$12.00 


2 707.62 


Advertisements 
Subscriptions 
JoURNALS sold 


117 
22 
15 
| 
Initiations: 
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DISBURSEMENTS. 


Expenditures in excess of receipts... $177.47 


At present there is due the Association: 


Wor tnitiation fees and dues 11.00 


For Standard Specifications ............ 


I know of no outstanding bills against the Association. 
Respectfully submitted, 
WILLARD KENT, Secretary. 


219.15 
206.00 
155.65 
171.00 : 
Reprints 279.50 
Library 6.00 
1.20 
$531.75 
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1908. 
January 21 


February 7 


March 2 


30 


April 7 


PROCEEDINGS. 


DETAILED STATEMENT OF BILLS PAID. 


Blodget, Merritt & Co., Lake Shore & Mich. So. R. R. 


Samuel Usher, December, ’07, JourNatand reprints, 


The Brunswick, music, January meeting. . .. . 
American Society of Civil Engineers, binding. . . 
Hub Engraving Company, plates ........ 
Miss J. M. Ham, salary for January. ...... 
D. Gillies’ Sona, stationary’... 
W. N. Hughes, envelopes and printing ..... 
The Brunswick, music, February meeting 
Thomas P. Taylor, stereopticon ........ 
Hub Engraving Company, plates ........ 
Miss J. M. Ham, salary for February ...... 
William E. Whittaker, work on plans... .. . 
Boston Society of Civil Engineers, rent to February 
Hub Engraving Company, plates . . . . 
Samuel Usher, advance copies ......... 
The Brunswick, March meeting, music ..... 
Bacon & Burpee, report of January, February, and 
Miss J. M. Ham, salary for March ....... 
Thomas P. Taylor, stereopticon ........ 
Charles W. Sherman, salary to March 31... . . 
Charles W. Sherman, copyright, postage, etc... . 
Willard Kent, salary as Secretary to March 31 . . 
Robert J. Thomas, advertising agent, to April 30 . 
Hub Engraving Company, plates. ....... 
Samuel Usher, March JourNAL and reprints . . 
Miss J. M. Ham, ealary for April... 
Miss J. M. Ham, sundry expenses. ....... 
W. N. Hughes, envelopes and printing ..... 
Hub Engraving Company, plates ........ 
Samuel Usher, printing Constitution and List of 


594.68 


18.67 
18.00 
43.75 
15.00 
15.00 
6.00 
4.33 
50.00 
8 52.84 
70.00 
| 15.00 
| 10.00 
8.98 
50.00 
9 1.85 
4.00 
5.00 
100.00 
9.40 
15.00 
15.00 
59.00 
50.00 
10.00 
75.00 
9.50 
50.00 
60.50 
15 69.65 
20 31.99 
267.58 
50.00 
34.65 
May 4 45.00 ° 
38.22 
Members 171.00 
Amount carried forward ..... . . . . $3959.59 
i 


May 19 


25 
June 6 


26 


July 6 


14 
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Amount brought forward ....... . . $3959.59 
Hub Engraving Company, plates. ....... 14.05 
William E. Whittaker, tracings. ........ 10.00 
John Wiley & Sons, electro plates... ...... 1.25 
Miss J. M. Ham, salaryforMay ........ 50.00 
Hub Engraving Company, plates. ....... 11.08 
Boston Society of Civil Engineers rent to May 31, 

H. D. Atwell, cut of Plymouth and tickets... . 3.55 
Miss J. M. Ham, salaryforJune ........ 50.00 
D. Gillies’ Sons, printing circulars. ....... 11.25 
Willard Kent, salary to July] ......... 50.00 
Charles W. Sherman, salary to June 30 ..... 75.00 
Charles W. Sherman, expenses ......... 4.75 
Samuel Usher, June JouRNAL ......... 538.16 
Samuel Usher, Standard Specifications .... . 27.25 
W. N. Hughes, stamped envelopes and printing. 24.00 
Robert J. Thomas, advertising agent, to July8. . 69.75 


Lewis M. Bancroft, deficit, Plymouth Excursion 


Vener 
Suffolk Engraving Company, plate ....... 3.78 
H. W. Spooner, typewriting ........... 3.00 
Miss J. M. Ham, salaryforJuly ........ 50.00 
Hub Engraving Company, plates. ....... 1.70 
Miss J. M. Ham, salary for August ....... 50.00 
Cltarles W. Sherman, salary to October1 ... . 75.00 
Charles W. Sherman, postage, express, etc... . . 6.00 
Boston Society of Civil Engineers, rent to August 31, 100.00 
Hub Engraving Company, plates ........ 5.24 
W. N. Hughes, postal cards and circulars ... . 10.75 
Samuel Usher, advance copies ......... 7.50 
Whitehead & Hoag Company, badges... .. . 72.00 
Miss J. M. Ham, salary for September. .... . 50.00 
Alfred Moore, stereopticon, Atlantic City ... . 17.50 
Traymore Hotel Company, labor, ete... . .. . 7.40 
Hub Engraving Company, plates ........ 2.00 
D. Gillies’ Sons, printing circulars. . . . .... 14.75 
W. N. Hughes; letterheads .......2... 4.00 
Bacon & Burpee, report of twenty-seventh annual 
Willard Kent, salary to Octoberl ....... 50.00 


. . $5728.35 


Amount carried forward 


10 
23 
Committee. . . < 19.80 
August 28 
September 2 
16 
21 
October 6 
9 
| 
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October 14 
26 


November 24 


December 11 
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Amount brought forward 

Hub Engraving Company, plates 

Miss J. M. Ham, salary for October 

Miss J. M. Ham, expenses 

Thomas P. Taylor, stereopticon 

The Brunswick, music at November meeting . . . 

D. Gillies’ Sons, printing circulars 

William E. Whittaker, preparing drawing 

W. N. Hughes, printing circulars 

Hub Engraving Company, plates 

Hub Engraving Company, plates 

Miss J. M. Ham, salary for November 

Robert J. Thomas, advertising agent, to November 
30 

Hub Engraving Company, plates 

Boston Society of Civil Engineers, rent to November 


Samuel Usher, September JourRNAL and reprints 
Hub Engraving Company, plates 

The Brunswick, music, December meeting . . 
Charles W. Sherman, salary to December 31, 1908, 
Charles W. Sherman, postage and expenses 
Thomas P. Taylor, stereopticon 

Willard Kent, salary to December 31 

Willard Kent, expenses 

W. N. Hughes, dues book and circulars 

Lewis M. Bancroft, treasurer, salary to December 


? 
Miss J. M. Ham, salary for December 
Miss J. M. Ham, expenses, telephone and postage . 
Samuel Usher, printing advance copies : 
Bacon & Burpee, reporting November and Decew- 


D. Gillies’ Sons, printing 

W. N. Hughes, printing, Committee on Depth of 
Laying Water Pipes 

Samuel Usher, December JourNAL and reprints. . 


$7 475.56 


$5,728 35 
2.00 
50.00 
82.87 
.10.00 
15.00 
4.50 
1.00 
7.00 
1.00 
27 17.72 
50.00 : 
63.00 
24.64 
355.66 : 
18 10.80 cs 
15.00 
75.00 
6.50 
10.00 
50.00 
43.40 
21 28.00 
50.00 
25 50.00 | 
32.25 
28 27.25 
1909. 
January 6 28.50 
49.75 
433.62 
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REPORT OF EDITOR. 


The Editor, Mr. Charles W. Sherman, submitted the following 


report: 
Report OF THE EDITOR. 
Boston, January 13, 1909. 

To the New England Water Works Association, —I present the following 
report for the JouRNAL OF THE NEw ENGLAND WaTER WorKS ASSOCIATION 

for the year 1908. 

The accompanying tabulated statements show in detail the amount of 
material in the JouRNAL; the receipts and expenditures on account of the 
JourNnaL for the past year (including the cost of the December JourNAL and 
reprints, bills for which were received too late to pay in 1908, and which are 
consequently not included in the Secretary’s and Treasurer’s statements); and 
a comparison with the conditions of preceding years. 

Size of Volume. — The volume is somewhat larger in total pages, and contains 
the same number of pages of text, as that of the preceding year; and is larger 
than any preceding annual volume, with one exception. 

Illustrations. — The total cost of illustrations for the year, including printing, 
has been $355.36, or 13.0 per cent. of the gross cost of the volume. 

Reprints. —The usual fifty reprints of papers have been furnished to 
authors without charge. Advance copies of three of the papers presented 
during the year have also been printed, one of which has not yet appeared in 
the Journau. The net cost to the Association for reprints and advance copies. 
has been $203.70 (assuming that the December reprints chargeable to members 
are promptly paid for). 

Circulation. — The present circulation of the JourNAt is: 


a decrease of 5 over the preceding year. 

Advertisements. — The December issue contained 254 pages of paid adver- 
tising, which, if maintained throughout the year, would mean an annual income 
from this source of $1 760. A year ago the figures were 28} pages and $1 940, 
showing considerable decrease during the year. 

Pipe Specifications. — During the year the specifications for cast-iron pipe 
to the value of $49.00 have been sold. Five hundred copies have been printed, 
ata cost of $27.25, representing a net gain of $21.75 for the year. The net gain 
up to a year ago had been $139.75, so that the total net gain from this source 
to date is $161.50. There are still about two hundred and eighty cagien of 
specifications on hand, or about $28.00 worth if sold at retail. 

The Association has a credit of $1.69 at the Boston Post-office, being the 
balance of the money deposited for payment of postage upon the JouRNAL at 
pound rates. I know of no outstanding bills against the Association on 


account of the JOURNAL. 
Respectfully submitted, 


CHARLES W. Editor. 


SHERMAN, 


Gee 
|_| 
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STaTEMENT OF MATERIAL IN VoLuME XXII, JourNAL oF THE NEW 
ENGLAND WaTER Works AssociATIon, 1908. 


PAGES OF 


Proceedings. 


Total Text. 


Index 
Advts. 
Contents. 
Inset Plates. 


86; 32} 4] 4/126; 2 
174|-| 30} 4] 18 | 226] 28 
120; -| 28; 4] 7] 159! 5 

28) 10} 170 | 12 

425 | 75 | 500 | 8 | 118 | 16 | 39 | 681 | 47 


RECcEIPTs. 


From advertisements . $2 118.75 
From sale of JoURNALS . . 264.85 
From sale of reprints . . . 28.50 
From saleofecuts .... 11.70 
Subscriptions... ... 178.75 

$2 602.55 
Net cost of JouRNAL. .-. 131.06 


$2 733.61 


TABLE No. 2. 


RECEIPTS AND EXPENDITURES ON AccounT OF VoLUME XXII, JouRNAL 
oF THE NEw ENGLAND WaTER Works ASSOCIATION, 1908. 


For printing JouRNAL 


EXPENDITURES. 
. . $1490.75 


For preparing illustrations, 207.36 


For editor’s salary. . . . 300.00 
For editor’s incidentals. 28.60 
For advertising agent’s 
commissions .... . 264.40 
For reporting. ..... 206.00 


For reprints and advance 


Gross cost of JOURNAL . 


$2 733.61 
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Mr. George Cassell, chairman of Finance Committee, submitted 

the following report: ; 
Report OF FinaNcE COMMITTEE. 
Boston, Mass., January 11, 1909. 

We have examined the books and accounts of the Secretary and Treasurer 
of the New England Water Works Association and find them correct, the 
several amounts collected by the Secretary having been turned over to the 
Treasurer and his various disbursements being supported by proper receipts 
duly approved. 

The accounts and books are properly kept and the very satisfactory manner 
in which this department of the Association is conducted is largely due to the 
exceedingly efficient service of the Assistant Secretary. 

We recommend that the books be closed on the first day of January and 
remain closed until the annual meeting, in order that the Treasurer and 
Finance Committee have ample time to attend to their duties. 

Respectfully submitted, 
GEORGE CASSELL, 
JOHN C. CHASE, 
WILLIAM E. MAYBURY, 
Finance Committee. 


Mr. CasseLu. .I might add, Mr. President, that the recom- 
mendation, as made by your Finance Committee, is in order to 
provide so that the bills approved by the Secretary will get into 
the hands of the Treasurer before the Treasurer closes his books, 
thereby avoiding the discrepancy in the two accounts as printed 
in the JournaL, which necessitates a footnote of explanation. 
The Finance Committee think it would be much better and more 
satisfactory, and remove any doubt upon anybody’s part after 
reading the JourNAL, if the suggestion we make is adopted. 

On motion of Mr. George A. Stacy the reports of the Secretary, 
Treasurer, and Editor were accepted and ordered ‘placed on file 
and spread on the records of the Association. 

On motion of Mr. Coggeshall, the report of the Finarice Com- 
mittee was accepted and its recommendation adopted. 


REpPoRTS OF COMMITTEES. 
STANDARD SPECIFICATIONS FOR FIRE HYDRANTS. 
Mr. H. O. Lacount, chairman of the Committee to Prepare a 
Standard Specification for Fire Hydrants, presented the following 
report: 
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Mr. President and Gentlemen of the New England Water Works Association,— 
The retiring President in his address gave a list of the committees appointed 
last year, and as he did not mention the Committee on Hydrants, I presume 
it is to be inferred that it was appointed more than a year ago. As chairman 
of the committee, I am forced to agree with the father of the !ad mentioned 
in the retiring President’s address that ‘‘ tempus jugits like everything.” I 
will not apologize for Father Time, because he cannot help it, and I feel rather 
embarrassed in attempting to apologize for the committee for not having made 
a report to you before. I regret. that we have not, and that we are not ready 
yet to bring out a complete set of specifications. We can, however, report 
some progress. 

The committee has had two meetings, at each of which we spent practically 
an entire afternoon on the work. We have been in communcation with 
practically all of the manufacturers of hydrants of whom we have knowledge, 
have had the benefit of their suggestions, and the matter is gradually taking 
form. We hope that before the administration on which we begin to-day 
ends we shall have the subject threshed out toa finish. That you may have 
some idea along what lines the committee is working, I have here what may be 
called a skeleton of specifications, which I will read. 


SKELETON OF SPECIFICATIONS. 


1. Size. 
a. Size of hydrants must be designated by the valve opening, at least 


5-inch for two hose connections, 6-inch for three or four connections. 

b. Area of waterway at smallest part when hydrant is wide open must 

not be less than that of the valve opening. 
2. GENERAL DESIGN. 

a. Any changes in diameter of water passage through the barrel shall 
have easy curves, all outlets to have well-rounded corners of good radius. 

b. Design such that with ordinary usage hydrants will not cause ex- 
cessive water hammer. 

Hose AND VALVES. 

a. Nipples of bronze, threaded with fine thread and pinned. ‘ Lead- 
ing ” not permitted. 

b. Hose threads to be same as existing in city where hydrant is to 
be used; otherwise and where practicable, same as N. F. P. A. Stand- 
ard, 1906. 

c. Hose valves of bronze or of iron with bronze trimmings, — brief 
specifications. 

Hyprant GATE AND SEAT. 
a. Material. 
b. With gate type of valve sufficient clearance to offset corrosion. 
. Drip VALVE. 
operating and non-corrodible, to completely drain 
rrel, 

b. Seat to be securely fastened in barrel; all other parts to be removed 

through hydrant top. 
OPERATING STEM. 

a. Material and size. 

b. Stem nut. 

c. Style of thread, Acme standard. 
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7. SturFinc Box aNnpD GLAND. 
a. Material. 
b. Material and size of gland bolts. 
. Hyprant Top. 
a. Weatherproof and provision for oiling. 
. MARKINGS. 
. Hose Caps for all outlets. 
TEST. 
Shop test of 250 or 300 pounds, or twice working pressure. 
. DIRECTION OF OPENING to the left. 


THE PRESIDENT. If there is nothing to be said on this report, it 
will be received as a report of progress and the committee con- 
tinued. The next business is the report of the committee ap- 
pointed to collect data relating to awards that have been made 
for damages resulting from the diversion of water. Mr. Charles T. 
Main, chairman of the committee, has sent the following com- 
munication, which the Secretary will read: — 


WATER AND WATER POWER DIVERSION. 


Tue SecreTary. Mr. Main was unable to be present to-day 
and has sent the following report of progress: 


JANUARY 12, 1909. 


Your committee desires fo report progress. Return postal cards have been 
sent out to about one hundred and twenty-five members of the Association 
who had not been previously heard from, with the expectation of being able 
to get information concerning water and water power diversion awards from 
many of these members, and a few additional cards were sent out later. Of 
these there have been about seventy-five cards returned, about fifty of which 
stated that the signer could furnish no information and about twenty-five 
contained some information or suggestion. 

There have also been sent out to such members as it was thought could give 
detailed information, blanks covering the data which the committee desires 
to obtain. Up to the present time only two of these blanks have been filled 
out and returned. 

It would be useless for your committee to attempt to make a report until 
a large number of these blanks has been filled out and returned. After a 
number has been returned, the committee will tabulate the returns and pre- 
pare them in some form for presentation to the Association, together with such 
deductions as can be made from them. 

CHAS. T. MAIN, 


Chairman of the Committee. 


| 
| 
| 
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THE PRESIDENT. It is to be hoped that there will be a general 
response to the postal cards sent out. The committee is working 
hard to gather all the information obtainable on this subject, and 
the help of the members is certainly due to its efforts. 

The next matter in order is the report of the committee to 
gather statistics relating to the depth at which water pipes are 
laid, and the resulting experience with frozen pipes. Mr. Stacy 
will read a communication from Mr. Frank A. Barbour, chairman 
of the committee. 


DEPTH OF WATER PIPES. 


Mr. GeorceE A. Stacy. I have been requested to read a com- 
munication from Mr. Barbour, who is not able to be present. 


Boston, Mass., January 13, 1909. 


Mr. Wittarp Kent, Secretary New ENGLAND WaTER WorKS 
AssociaTION, TREMONT TEMPLE, City: 

Dear Sir, — 1 regret that an engagement prevents my making this report 
of the Committee on the Depth of.Water Pipe personally at the meeting of 
the Association to be held to-day. 

Nothing more than a statement of progress to date can be presented at the 
present time. Over three hundred copies of the circular have been sent out 
to members of the New England and American Water Works Associations, 
these circulars being sent to the superintendents of plants and such engineers 
as from our knowledge of their work appeared likely to be able to respond with 
information of value. The circulars were sent out the latter part of December 
and up to the present time about twenty-five replies have been received. 
From these replies it is obvious that the information to be obtained from the 
circulars will be largely negative in character and that-.in order to obtain 
information in regard to actual cases of freezing, a personal appeal must be 
made to engineers and superintendents who have had such experience. 


Yours truly, 
F. A. BARBOUR. 


In connection with this matter, Mr. President, which is an im- 


portant one, as are also those that the other committees have under 
consideration, let me say that the value of the work of this com- 
mittee is dependent largely on the response which the members of 
the Association make to the circulars sent out. The great value 
of our JoURNAL, it seems to me, is in its record of the experiences 


iy 
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that we have had in water-works construction and management, 
and our progress, if we do make progress, is largely due to the 
application of the experience of others to situations in which we 
may be placed. So I think you owe it to the members of the Asso- 
ciation and to this committee to make replies to the inquiries 
which have been sent out. It is not necessary in order to do this 
that you should have a technical knowledge of some deep subject 
or of some intricate mathematical or astronomical instrument. 
You have all had a little touch of frost somewhere, and that, as I 
understand it, is what the committee wants to find out about. 
Put it in the simplest form that you can. If you cannot remember 
the exact details, give your experience as fully as you can; it will 
be a help to the committee and it may be of great help to us. And 
so, in behalf of the committee, while I have not been solicited to 
do so, but having served on committees myself, I appeal to you, 
gentlemen, to reply to the circular as fully and as speedily as 
you can, in order that we may have a report from the committee 
which will be of value to the JourNAL and to the Association. 

Mr. CHARLES W.SHERMAN. Mr. President, if I may add a word 
to Mr. Stacy’s appeal, I want to suggest that members of the 
Association, whether they have had any experience in this matter 
themselves or not, can perhaps send to the chairman of the com- 
mittee the names of water-works men, who may not be members 
of the Association, but who can contribute information of value 
along this line. My own personal experience has not been such 
as to enable me to furnish any information to the committee, 
although I received a blank, but I happened to know a gentleman, 
not a member of the Association, who had a considerable amount 
of information, to whom I forwarded the blank, and I am glad to 
say that this morning I received it back from him filled out. 

THE PresipenT. I think the remarks of the last two speakers 
are very timely and forcible. I trust that the members will follow 
out their suggestions fully. 

The next matter is the report of the committee to compile infor- 
mation in relation to awards that have been made in water-works 
valuation cases. - Mr. Desmond FitzGerald, I believe, is chairman 
of the committee. As he is not present, is there any one here who 
has anything to say for the committee? 
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AWARDS IN WATER-WORKS VALUATION CASES. 


Mr. Joun C. Coase. Mr. President, I happen to be a member 
of that committee, and I can report to a limited extent. Some 
few days after the committee was appointed I received a com- 
munication from a member suggesting that we elect Mr. Desmond 
FitzGerald chairman, to which I cheerfully assented. I heard 
nothing more until about two months ago, when I had a letter 
from Mr. Allen Hazen stating that Mr. FitzGerald had positively 
declined to serve, and that he had been substituted as chairman, 
and asking my assent to a certain report, or suggesting that the 
matter had been thoroughly covered by a paper or report which 
had been presented to another body, and that we use that as our 
report. I assented to it, with some suggestion of modifications, 
that perhaps we ought to report something which did not refer to 
a certain paper. Mr. Hazen said that he positively would not 
serve as chairman, and suggested the appointment of some one 
else — I cannot recall at this moment just who — and that is all 
I can tell you about the committee now. I have had no further 
communication. I think, however, if the committee is granted 
further time, that in due time something will be heard from it. 


(The following report was received too late to be presented at ‘the meeting.) 


REPORT OF COMMITTEE TO LOOK AFTER AND KEEP TRACK OF 
LEGISLATION AND OTHER MATTERS PERTAINING TO THE CON- 
SERVATION, DEVELOPMENT, AND UTILIZATION OF THE NATURAL | 
RESOURCES OF THE COUNTRY. 


The chairman begs leave to report as follows: 


The movement for the conservation of the natural resources of the country 
has been so fully reported in the daily, literary, and technical press that only 
a very brief summary seems desirable here, and that chiefly for purposes of 
record. 

Two great conservation conferences were held at Washington during the 
past year, on the initiative of the President of the United States. There has 
also been held a conference of New England governors, and I believe the 
governcrs of some of the other portions of the country have got together on 
this subject. Some of the engineering societies have given careful considera- 
tion to conservation matters. At a meeting of this Association held at 
Atlantic City last September, papers on some of the conservation features of 
water and forests were presented, through the agency of your committee. 
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Besides the large national commission on natural resources, several of the 
states of the Union have appointed conservation commissions, in accordance 
with recommendations adopted at the White House Conference of governors 
last May. 

What can this Association do to further so worthy a cause? Just at 
present the chairman would suggest nothing specific for the Association as 
such to do except to continue to hold itself ready to codperate with other 
associations or bodies engaged in conservation work. The chairman also begs 
to suggest, as perhaps of far more promise if carried out, that each member 
contribute his part, individually and through any municipal bodies or private 
companies with which he may be connected, toward the actual work of con- 
servation. This may be done by continuing the campaign against water 
waste and for wise utilization of water resources, and also by practicing an 
intelligent economy in the use of the metal, coal, and timber supplies of the 
country. Coal, in particular, affords a great field for saving, as every one 
knows who is familiar with the careless and inefficient way in which it is burned 
at many water-works pumping stations. 

After water and wood, the greatest chance for the members of this Asso- 
ciation to give practical every-day aid to conservation work is perhaps in 
connection with forest products. Asa rule this opportunity does not pertain 
to the use of forest products so much as on their increase by planting and 
their improvement and conservation by care of forests on water-works drainage 
areas, Already a considerable amount of forestry work of this kind has been 
done, but the opportunities, instead of being exhausted, are hardly as yet 
entered upon. Whatever one’s opinions may be as to the recently much- 
discussed question of the relation between forests and stream flow, probably 
all will agree that planting trees on water-works drainage areas would be bene- 
ficial to public water supplies in more ways than one, besides putting to _ 
profitable use land which is necessary for the sanitary protection of water 
supplies, but which otherwise could scarcely be made to produce a revenue. 
Of course any revenue of this kind will not become available for years to come. 
_ Itis for this reason that recourse must be had chiefly to governmental agencies 

for the planting of forest trees. 

Perhaps it will be appropriate to raise the question here why there has thus 
far been so little development of water-power or hydro-electric power in con- 
nection with public water supplies. Such opportunities do not present them - 
selves, by any means, to every water-works authority, but there have been 
several notable opportunities of the kind which for some mysterious reason 
have not been seized. The studies of available water-power which have 
recently been undertaken by the New York State Water Supply Commission 
in connection with water storage and flood prevention are worthy of careful 
attention in other states. It is high time that our commonwealths realized 
that in the water of their streams and lakes they have a valuable business asset 
for future generations. It may be noted at this point that the act creating 
the present State Water Supply Commission of New Jersey provides that the 
state shall receive a revenue for all water taken for municipal purposes in 
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excess of one hundred gallons per capita per day, the rate to be fixed in each 
by the commission at a price of $1 to $10 per one million gallons. 
Finally it may be noted that there can be no intelligent conservation of 
anything without knowing the exact nature and extent of that thing. It 
would seem that a new census of water power, and also a timber census would 
be highly useful, and that one or both of these might be properly advocated, 
either now or in the near future, by this Association. Perhaps more important 
than a water-power census is the securing of more extended and accurate 
records of everything pertaining to the yield of surface and underground 


waters. 


M. N. BAKER, Chairman. 


THE PRESIDENT. It seems to be necessary that all the com- 
mittees should be granted further time, and it is willingly done. 


ELECTION OF OFFICERS. 


Mr. R. C. P. Coggeshall, in behalf of the tellers appointed to 
canvass ballots for officers for the ensuing year, submitted the 
following report: 


Boston, Mass., January 13, 1909. 
To tHE NEw Wa'reR Works ASSOCIATION: 

Gentlemen, — Your committee appointed by your President to open, 
verify, assort, and count the ballots cast. for officers of this Association for the 
year 1909 have attended to'the duty assigned them, and beg leave to report 
the following as the result of their canvass: 


Whole number of ballots verified ...........-.. 250 
For President. 

For Vice-Presidents. 

GrorGE A, Stacy 232 

238 


Ermon M. PEcK . 

LEONARD METCALF . 
F. P. STEARNS . 
For Secretary. 


; 
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For Treasurer. 


For Advertising Agent. 

CHARLES W. SHERMAN 
Ricuarp K. Hae 

For Additional Members of Executive Committee. 
GrorGE W. BATCHELDER 
Frank L. FULLER 
Epmunp W. Kent 
E. C. Brooxs 


GEORGE CASSELL 
JOHN C. CHASE 
McLean 
Respectfully submitted, 
R. C. P. COGGESHALL. 
F. J. GIFFORD. 


The President declared the officers elected, and then extended 
to Mr. Thomas, the new President, his personal congratulations 
and presented him to the Association. 

Mr. Toomas. Mr. President and Gentlemen: I thank the mem- 
bers of the Association for this mark of their confidence and esteem 
in electing me President for the coming year. I assure you that 
I deeply appreciate the honor and promise to serve you to the 
best of my ability. 

Mr. M. F. Cottins. I move a vote of thanks be tendered to the 
retiring President for the able, courteous, and impartial manner 
in which he has presided over our meetings during the past year. 

The motion was put by Mr. Thomas, the Pi nen, and 
was adopted with applause. 

Adjourned. 
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FEBRUARY MEETING. 


Hore, BRUNSWICK, 
Boston, February 10, 1909. 


The President, Robert J. Thomas, in the chair. The following 
members and guests were present: 


MEMBERS. 


S. A. Agnew, L. M. Bancroft, G. W. Batchelder, J. E. Beals, F. D. Berry, A. 
E. Blackmer, J. W. Blackmer, C. A. Bogardus, George Bowers, E. C. Brooks, 
J.C. Chase, J. H. Child, C. E. Childs, F. L. Clapp, R. C. P. Coggeshall, M. F. 
Collins, W. R. Conard, A. O. Doane, John Doyle, E. D. Eldredge, C. R. Felton; 
J. H. Flynn, F. F. Forbes, W. E. Foss, F. L. Fuller, C. W. Gilbert, A. S. Glover, 
F. H. Gunther, R. K. Hale, F. E. Hall, D. A. Heffernan, J. L. Howard, C. L. 
Howes, M. F. Hicks, F. M. Hutchinson, H. R. Johnson, W. 8. Johnson, E. W. 
Kent, Willard Kent, G. A. King, C. F. Knowlton, A. A. Knudson, N. A. MeMil- 
len, A. E. Martin, John Mayo, A. S. Merrill, F. E. Merrill, G. F. Merrill, 
William Naylor, F. L. Northrop, O. E. Parks, E. M. Peck, H. E. Royce, H. W. 
Sanderson, A. L. Sawyer, E. M. Shedd, C. W. Sherman, W. E. Smith, J. T. 
Stevens, W. F. Sullivan, L. A. Taylor, H. L. Thomas, R. J. Thomas, W H. 
Thomas, J. L. Tighe, D. N. Tower, G. W. Travis, W. H. Vaughn, C. K. Walker, 
L. R. Washburn, J. C. Whitney, F. B. Wilkins, G. E. Winslow, W. H. Richards, 
— 74. 


ASSOCIATES. 

Anderson Coupling Company, by Charles E. Pratt; Harold L. Bond Com- 
pany, by H. L. Bond and G. S. Hedge; Builders Iron Foundry, by A. B. 
Coulters; Chapman Valve_Manufacturing Company, by Edw. F. Hughes; 
Hersey Manufacturing Company, by Albert S. Glover and Walter A. Hersey; 
F. H. Hayes Machinery Company, by F. H. Hayes; International Steam Pump 
Company, by Samuel Harrison; Lead Lined Iron Pipe Company, by Thomas 
E Dwyer; Ludlow Valve Manufacturing Company, by H. F. Gould; Chas. 
Millar & Son Co., by Chas. F. Glavin; National Meter Company, by J. G. 
Lufkin; Neptune Meter Company, by H. H. Kinsey; Pittsburg Meter Com- 
pany, by F. L. Northrop; Rensselaer Manufacturing Company, by C. L. 
Brown; A. P. Smith Manufacturing Company, by F. N. Whitcomb; Thom- 
son Meter Company, by E. M. Shedd; United States Cast-Iron Pipe and 
Foundry Company, by F. W. Nevins; Water Works Equipment Company, 
by W. W. Van Winkle. — 20. 


GUESTs. 


Mayor George H. Brown, of Lowell, Mass.; H. N. Ward, superintendent, 
Newport, R. I.; Edwin L. Burnap, superintendent, and Shepard B. Palmer, 
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engineer, Norwich, Conn.; N. F. Putnam, Street Department, Lowell, Mass.; 
Michael Doren and Eugene F. Proctor, Brookline, Mass.; Joseph W. Cowles, 
Wm. H. Lott, and F. Elwood Smith, Edison Electric Illuminating Company, 
Boston, Mass.; George R. Stetson, New Bedford, Mass.; John Gray Manuel, 
assistant superintendent, Natick, Mass.; O. L. Lunn, Beverly, Mass.; R. L. 
Whipple, assistant city engineer, North Adams, Mass.; Wm. Jameson, water 
commissioner, Chicopee, Mass.; Mr. Cook, state forester assistant, 
Boston, Mass.; H. Richards, New London, Conn. — 18. 


THE PRESIDENT. We have as a guest here to-day a man of 
whom you have all heard or read about, especially those of you 
who belong in Massachusetts. You have read about the campaign 
he made for mayor in a certain one of our cities; how, without 
political experience and without funds, and in the face of an an- 
tagonistic press, he was elected by a larger vote than any candidate 
ever got before for mayor of that city. Since he has been mayor 
he has shown, although never having held municipal office before, 
a wonderful grasp of city affairs, and he has shown unmistakably, 
what many public officials lack, the courage of his convictions, 
and the courage to put his convictions into execution. It gives 
me great pleasure to introduce to you to-day the Hon. George 
H. Brown, Mayor of Lowell. [Applause.] 

Mayor Brown. Mr. President, Members of the New England 
Water Works Association, and Guests: I assure you that it gives 
me great pleasure to be present here to-day. When my friend 
your president invited me to come, I said, ‘‘ You are not going to 
ask me to make an address, are you?”’ ‘‘ Well,’’ he said,“ we will 
let you out easily; you can just say you are pleased to be there 
and thank them very much.” : 

But he gave me one thought when he said just now that I had 
the courage of my convictions. I believe that the chief executive 
of any city, and not only the chief executive, but the other city 
officials, — you gentlemen who represent your departments in the 
different cities, you who are the heads of those departments, — 
that it is necessary for you to have the courage of your convic- 
tions. I have had what you may term a common education, and 
I have those other qualifications which the average man has who 
runs for public office; but beyond that I feel that I am wholly 
lacking. But there is one thing I have in my mind, and that is to 
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do my duty faithfully and to have the courage of my convictions 
all the time. I had an honest purpose when I went out before the 
citizens of my city and asked them to elect me as their chief execu- 

tive, and I said, “‘ If you elect me as your mayor I will do so and 

so”’; and as the mayor, and as the servant of the city of Lowell, I 

am trying to put into force what I promised. I said to the people 

of Lowell, “ If you will elect me as your mayor, I will never betray 

you,” and as their mayor I am not going to betray the trust which 

was reposed in me when I was elected to the high office of chief 

executive of the city of Lowell. 

So I say to you to-day, gentlemen, do not betray the trust that 
is reposed in you; have the courage of your convictions all the 
time; have an honest purpose, taking for your pattern our mar- 
tyred President, the one hundredth anniversary of whose birth we 
will celebrate on Friday. Do your duty faithfully and honestly, 
as Lincoln did his. The men who do their duty and have the 
courage of their convictions wear well and will wear all the time. 
I haven’t any peculiar ability. They tell me that throughout 
the state of Massachusetts and in other places people read about 
Brown; but Brown has no exceptional qualifications; he has no 
real ability. All Brown has got is the courage of his convictions 
and an honest purpose, and he is trying to do his duty; that is all. 

So you see that if a man tries to do his duty he wears well, he 
wears all the time, like our honored President Roosevelt, who 
wears well and will continue to wear well.- So all men who are 
acting in an official capacity, if they do their duty, they will wear 
well and will be remembered; but when they fail to do their duty, 
- when they betray the trust of the people, they will be forgotten. 

I am much interested in one of the topics you have on your 
program — the grounding of electric light wires on water pipes. We 
have that in Lowell. I had the head of the electric light company 
in Lowell in my office the other day, and I called his attention to 
this matter. I said to him, ‘ We want better service from your 
corporation.” He went into the cost of furnishing that better 
service, and I said, ‘‘ There will be no cost to the city; it is going 
to be free from your corporation. Lowell is giving you and has 
been giving you quite a consideration in letting you ground your 
wires on our water pipes, and you have got to give us better serv- 
ice. You, have got to give us what we want, and if you do not, 
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I will see to it that you don’t ground your wires on our pipes any 
longer.” I am not going into the matter any further, and I only 
mention this to let you know that I am interested in the subject in 
Lowell, and I had that in mind more than anything else in coming 
down here, for I wanted to get some information upon this sub- 
ject. I am not a good speaker, as you have discovered; I think 
Iam a better listener. I thank you. 

THE PresIDENT. After listening to the Mayor of Lowell you 
may think that I had a lot of presumption to tell him what to 
say. [Laughter.] You undoubtedly are all satisfied that he 
knows just what to say and how to say it. We will now proceed 
with the business of the meeting, and the first matter is the con- 
sideration of applications for membership. 

The Secretary read the names of the following applicants for 
membership, all of whom had been duly approved by the Execu- 
tive Committee: 


Karl H. Hyde, civil engineer, Attleboro, Mass.; Warren E. 
Tarbell, East Brookfield, Mass., water commissioner, Brookfield; 
Frank L. Rector, Brooklyn, N. Y., bacteriologist, Great Bear Spring 
Company, Brooklyn, N. Y.; J. P. A. Laforest, Levis, Canada, 


engaged in water works construction; William Sinclair Bacot, 
Morristown, N. Y., formerly water works engineer and manager, 
but not in active practice at present; A. P. Negus, New. Bedford, 
Mass., pumping engineer of the New Bedford Water Works De- 
partment. 


On motion of Mr. Coggeshall, the Secretary was directed to 
cast one ballot in favor of the applicants, and he having done so 
they were declared elected members of the Association. 

' There were two papers on the program for the afternoon, the 
first on ‘‘ Lead Covered Cables a Cause of Electrolysis of Water 
Pipes,” by A. A. Knudson, electrical engineer, New York City; 
and the second on “ Grounding Electric Light Wires on Water 
Pipes,” by Frank E. Merrill, water commissioner, Somerville, 
Mass. Mr. William H. Lott, Superintendent of Right of Way and 
Street Lighting of the Boston Edison Electric Illuminating Com- 
pany; Mr. Joseph W. Cowles, superintendent of installation, and 
Mr. F. Ellwood Smith, also of the Edison Company, were present 
as guests of Mr. Merrill, and spoke upon the matter presented in 
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Mr. Merrill’s paper, and answered numerous quest ons which were 
asked by members of the Association. 

The President extended the thanks of the Assoc ation to the 
officials of the Edison Company for the information which they 
had given, and expressed his pleasure at the large attendance. 

Adjourned. 
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EXECUTIVE COMMITTEE. 


Meeting of the Executive Committee of the New England Water 
Works Association at headquarters, Tremont Temple, Wednesday, 
December 9, 1908, at 11.30 a.m. 

Present: President Alfred E. Martin, and members Michael F. 
Collins, George A. Stacy, Lewis M. Bancroft, George A. King, 
George W. Batchelder, Robert J. Thomas, Charles W. Sherman, 
William F. Sullivan, and Willard Kent. 

The following applications were received and recommended for 
membership, viz., O. C. Merrill, civil engineer, Berkeley, Cal., and 
John C. Otis, M.D., president Board of Public Works, Poughkeep- 
sie, N. Y. 


Adjourned. 
Attest: Kent, Secretary. 


Meeting of the Executive Committee of the New England Water 
Works Association at headquarters, Tremont Temple, Boston, 
Mass., January 13, 1909. 

Present: President Alfred E. Martin, and members D. N. Tower, 
George A. King, Robert J. Thomas, Michael F. Collins, George W. 
Batchelder, George A. Stacy, Charles W. Sherman, William F. 
Sullivan, Lewis M. Bancroft, and Willard Kent. 

The following applications were received and recommended for 


membership, viz.: 


For members: Herbert D. Pease, director New York State 
Hygienic Laboratory, Albany, N. Y.; Arthur E. O’Neil, superin- 
tendent pumping stations, Metropolitan Water Works, Watertown, 
Mass.; Millard F. Hicks, treasurer Portland Water District, Port- 
land, Me.; Leonard M. Wachter, sanitary chemist, New York 
State Department of Health, Albany, N. Y.; Charles H. Tuttle, 
superintendent Bristol and Warren Water Works, Bristol, R. I.; 
Fred M. Hutchinson, engineer and foreman water works, Somer- 
ville, Mass. 

For Associate: F. H. Hayes Machinery Company, pumping 
machinery, Boston, Mass. 
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Voted: That a committee of three, not members of the Execu- 


tive Committee, be appointed by the President to investigate hotel 
accommodations with a view to improvement. 
Voted: That the Executive Committee be and hereby is made 
a reception committee to welcome new members and visitors. 
Adjourned. 


Attest: Wittarp Kent, Secretary. 


Meeting of the Executive Committee of the New England Water 
Works Association at headquarters, Tremont Temple, Wednesday, 
February 10, 1909, at 11.30 a.m. 

Present: President Robert J. Thomas, and members George A. 
King, William F. Sullivan, Ermon M. Peck, George W. Batchelder, 
Frank L. Fuller, Edmund W. Kent, Lewis M. Bancroft, Charles W. 
Sherman, and Willard Kent. : 

Six applications were received and recommended for member- 
ship, viz., J. P. Albert Laforest, civil engineer, Levis, Canada; 
Frank L. Rector, M.D., bacteriologist, Brooklyn, N. Y.; Warren 
E. Tarbell, water commissioner, Brookfield, Mass.; Karl H. Hyde, 
civil engineer, Attleboro, Mass.; A. S. Negus, pumping engineer, 
New Bedford, Mass.; and William Sinclair Bacot, civil engineer, 
Morristown, N. J. 

The subject of place for holding the next annual convention 
was discussed. The committee to ascertain accommodations at 
Bangor made informal report, and Mr. Ermon M. Peck was made 
a committee to make similar investigations with reference to New 
Haven, Conn. 

Messrs. Charles W. Sherman, Richard K. Hale, and William E. 
Maybury were constituted a committee to arrange for the June 
excursion. 

The committee on hotel accommodations reported that they 
have made satisfactory arrangements for service, and recom- 
mended that a committee be appointed to see that those arrange- 
ments are carried out. Mr. George W. Batchelder was made that 
‘committee. 

Adjourned. 

Attest: WiLLarRD Kent, Secretary. 
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Epwin Reynotps died at his home in Milwaukee on February 
19, 1909. 

Mr. Reynolds was born in Mansfield, Conn., on March 23, 1831. 
He was the son of Clarissa Huntington and Christopher Reynolds, 
and a direct descendant of William Reynolds, who came from 
Gloucestershire, England, in 1673, settling in Rhode Island. 

Mr. Reynolds, after leaving the public schools, became an ap- 
prentice to a machinist. Later he worked in machine shops in 
Connecticut, Massachusetts, and Ohio, finally becoming superin- 
tendent of the machine shops of Steadman & Co., of Aurora, Ind., 
after which he again returned to Connecticut. He remained for 
six years in that state as well as in Boston and New York, during 
which time he worked on the machinery of Ericsson’s Monitor, 
which played such an important part in the Civil War. 

After the war he entered the Corliss Steam Engine Company, 
of Providence, R. I., and in 1871 was made general superintendent 
of that company. 

In 1877 he left the Corliss Company to work with Edward P. 
Allis & Co., of Milwaukee. Later, on the reorganization of that 
company, he became director, vice-president, and general superin- 
tendent. This position he held until 1901, when he became 
director and chief engineer of the Allis-Chalmers Company, which 
was organized largely through his efforts. 

He retained this position until 1906, when, his health failing, he 
had to give up active business, though still keeping his title of 
chief engineer. 

Among some of Mr. Reynolds’s designs are the Reynolds-Corliss 
valve gears used by every builder of Corliss engines; a direct-acting 
metallic valve blowing engine, which revolutionized the construc- 
tion of blowing engines and air compressors; and a steam stamp for 
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crushing ore. Mr. Reynolds also designed some of the largest 
hoisting engines in the country. 

The modern “ high-duty ” triple expansion pumping engine 
was another design original with Mr. Reynolds. At present this 
represents universal practice, but at the time it was introduced 
it was a radical departure from the type of machinery then in use. 

Mr. Reynolds designed many of the large engines for electrical 
work, among which may be mentioned the 12000 horse-power 
engines of the New York subway and Manhattan elevated power 
stations. 

Mr. Reynolds was president of the American Society of Mechani- 
cal Engineers in 1901 and a member of the Executive Committee 
of the same society. He received a degree of LL.D. from the 
University of Wisconsin. 

Mr. Reynolds was elected an honorary member of the New Eng- 
and Water Works Association on September 13, 1906. 
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Lasoratory Notes ON INDUSTRIAL WATER ANALysis. A Survey Course 
for Engineers. By Ellen H. Richards, Instructor in Sanitary Chemistry, 
Massachusetts Institute of Technology. iii+49 pages. 6 x 9 inches. New 
York: John Wiley & Sons. Cloth, 50 cents net. 


This little book is presented in the form of laboratory exercises, showing in 
condensed form the procedures of water analysis. 

The author classifies water into three main divisions, —scale forming, 
moderate scale forming, and non-scale forming, — and offers the simpler tests 
for placing the water under examination in one of these groups; after that 
follows the procedure for the more exact methods of determining the consti- 


tuents of the sample. 


To an engineer who has a slight knowledge of chemistry, this book offers ; 


in a condensed form the standard methods used for determining the kind and 


quantity of the more important substances in a water, that are injurious to- 


boilers. 
To the student the book gives a condensed survey of a subject which un- 


doubtedly will be of value to him in his future practice. 
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BRASS GOODS. 
H. Mueller Mfg. Co. 
The A. P. Smith Mig” Co. 


Builders Iron Foundry . 
Donaldson Iron Co... . 


Lynchburg Foundry Co. 


Walworth M’f'g 


ENGINEERS. 
Charles A. Hague..... 


Norwood Engineering Co. . 


FUEL. 


FURNACES, ETC. 
H. Mueller Mfg. Co..... 
Harold L. Bond & Co. ... 


GAS ENGINES. 
National MeterCo...... 


Ashton Valve Co. . . 
Chapman Valve M’f’g Co. : 
Coffin Valve Co....... 
John Fox Co... . 


Rensselaer M’f’g Co..... 
Ross Valve M’f’g Co... . 
Simplex Valve aed Meter Uo. 


LEAD AND PIPE. 
Chadwick-Boston Lead Co. 
Lead Lined Iron Pipe Co. . 
Walworth M’f’g Co..... 


METERS. 
Hersey M’f’gCo...... 
National Meter Co..... 
Neptune Meter Co..... 
Pittsburg Meter Co. 


METER BOXES. 


John Fox & Co........ 


The A. P. Smith M’f’g Co. . 


ARTESIAN AND DRIVEN WELLS. 
B. Smith & Co. 


CAST IRON PIPE AND SPECIALS. 


Chas. Millar & SonsCo. ... 
U. S. Cast Iron and Foundry Co... 


CLEANING WATER MAINS. 
National Water Main Cleaning Co:.... 


Henry D. Jackson... 


Ludlow Valve Mig Co. 
Norwood Engineering Co,........ 


INSPECTION OF MATERIALS. 


Horsey M’P'g Co... 


Union Water Meter Co. « 
Walworth M’f’g Co... vee 


Warren Foundr Machine Co. cee 


Ross Valve M'f'gCo.... 


GATES, VALVES, AND HYDRANTS. 


The A. P. Smith M’f'g Co.» . 


INDEX TO ADVERTISEMENTS. 


FILTERS AND WATER SOFTENING PLANTS. 
New York Continental Jewell Filtration Co. . 


Simplex Valve and Meter Co. 
Union Water Meter Co... 
Henry R. Worthington ......+.- 


(Index continued on page xxvii.) 
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ADVERTISEMENTS. 


Water Meters 


FOR ALL WATER WORKS SERVICE 


All Sizes, 5-8 to 6O inches 


CROWN 
EMPIRE 
NASH 
GEM 
PREMIER 


With the only reliable straight- 
reading register in the market 


National Meter Company 


84-86 CHAMBERS STREET 
NEW YORK CITY 


BOSTON CHICAGO PITTSBURG LOS ANGELES 
159 Franklin St. 318 Dearborn St. 4 Smithfield St. 411So0. Main St. 
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ADVERTISEMENTS. 


GAS ENGINE and 
TRIPLEX PUMP 


FOR — 
Town and Village Water 
Works ¥ ¥ “ and Pump 
ing Service Generally 


CAN BE ADAPTED FOR 
EITHER GAS OR GASOLENE 


National Meter Company 
84-86 CHAMBERS STREET, NEW YORK 


CHICAGO: 318 Dearborn Street PITTSBURG: 4 Smithfield Street 
BOSTON: 159 Franklin Street LONDON: Saracen Chambers 
LOS ANGELES: 411 South Main Street 


ili 
\ 


ADVERTISEMENTS. 


HERSEY WATER METERS 
Disc 


Torrent 


Adapted to Any Service 


HERSEY MANUFACTURING COMPANY 
BOSTON NEW YORK COLUMBUS 
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ADVERTISEMENTS. 


AGCURAGY, LONG LIFE, 
Avoidance of Repairs 


Are the Requisites of the Perfect Water Meter and 
are the Principal Features of the 


LAMBERT.” 


Our patented unbreakable disk-pistou, reinforced with an inter- 
nal steel plate, can be found only in the LAMBERT METER. 

The growing popularity of the water-meter system is attributed 
by many to the inherent excellence of the ** LAMBERT” meter. 
Where ** LAMBERT” meters are selected, success is assured. 


THOMSON METER CO.  SrooKLYs, 


v 
_ 
~ 
=_ 


ADVERTISEMENTS. 


rident 
ater Meter 


The Meter with a thrust roller, to prevent broken disks. All bronze meter, 
with removable bearings. The only meter that can be adjusted for differ- 
ent pressures. Brass bolts. Brass nut ring. Simple design. Our claim: 
The meters that earn the most revenue with the least cost for upkeep. 


Neptune Meter Company 
Main Office, 90 West Street, New York 


Branch { Chicago, Ill. Atlanta, Ga. Los Angeles, Cal. Factory : 
Offices San Francisco, Cal. Portland, Ore. Long Island Cay, eS 


vl 
4 
| 
t 
Style 
| G j 
a 
3 


ADVERTISEMENTS. 


Eureka Meter for Large, Rapidly Flowing Volumes of Water 


We are going to be and 
are rapidly becoming 


The Largest Water 
Meter [anufacturers 
in the World 


Watch us grow and lend 
your assistance by buying 


Keystone and Eureka 
Water [leters 


Ask for Water Meter Catalogue B-1 


Keystone Meter for Industrial and Domestic Use 


Pittsburg Meter Company 


General Office and Works: East Pittsburg, Pa. 
New York Office, 149 Broadway 


Manufacturers of Water Meters and Gas Meters 
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ADVERTISEMENTS. 


We Send Trial Meters Free 


To Cities and Water Companies desiring 
to Improve their Meter Service 


The Worthington 
Disc Meter 


Is not only accurate and well constructed, but it is made in 
the largest meter factory in the world and by the most 
modern machinery, and embodies twenty years of experi- 
ence. The disc is water balanced, reducing wear to a 
minimum. Sand cannot collect under its bearing and grind 
it out. Friction is further minimized by the greater dis- 
placement per rotation of the disc, which also reduces the 
speed and wear of the gear train. Drop us a letter giving 
the conditions of your service and the number of con- 
sumers connected, and we will be pleased to send our 
Bulletin W112NE and carry out the conditions of the 
above offer of a trial meter. 


HENRY R. WORTHINGTON 
115 Broadway New York 
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UNION ROTARY, COLUMBIA and 
DISC WATER METERS 


Water Pressure Regulators 
Waste Stops and Corporations 


UNION WATER METER COMPANY 
WORCESTER, MASSACHUSETTS 


GRAVITY PRESSURE 


nment, Municipal, Indus ial 
Railroad Work. 


THE YORK “CONTINENTAL. JEWEL 


GENERAL CONTRACT OME 


} 
1x 
New York, Continental, Jewell, Hyatt, Warren, Amer National, Blessin: 
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ADVERTISEMENTS. 


Mueller Water Works Goods 


Mueller 
Water Tapping 


Machines 


Have demonstrated their 3 
superiority through a long ALL wes 
period of years. Three 
strong points: 


OPERATION — The wide 
sweep of the ratchet handle 
makes operation easy from 


any point and the length provides powerful leverage. 


CONSTRUCTION—Brass and iton—can’t rust or stick 
together. 

ACCURACY — The corporation cock takes the place of the 
tool in the boring bar and having the same thread, must 
enter the tap squarely. 


Mueller 
Corporation 


Cocks 


Have a slow taper conforming to the tool, which insures the 
thread taking hold. They are made of red brass, have walls 
of uniform thickness, and are made in all sizes for Mueller and 
other makes of machines. 

Unconditionally Guaranteed. 


A full line of Water Works Goods: 


H. MUELLER MFC. CO. 


WORKS AND GENERAL OFFICES DECATUR, EASTERN DIVISION 
DECATUR, ILL., U. S. A. ILL. NEW YORK, N.Y., U.S.A, 
WEST CERRO GORDO ST. 254-258 CANAL STs 
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ADVERTISEMENTS. 


TRADE 


HART 


MARK 


“A 
Packing 
That 
Packs’”’ 


HART PACKING 


Is used b sera sg Water and Sewerage Stations, 
City of on Cow Pasture Pumping Station, and 
has replaced all others in a majority of the largest 
plants in New England. We carry everything in 
the line of good ~~ Ring, Spiral, Plun: 
ger, Sheet, Flax, Gaskets, etc. Samples 
gladly furnished. We want your orders. 


THE HART PACKING CO. 


145 HIGH STREET : BOSTON, MASS. 


Harold L. Bond & Co. New England Water Works Association 


N. E. 
— 


Lead Furnaces, Jute Packing, Calk= 
ing Tools, and all supplies for 


WATER WORKS CONSTRUCTION Secretary 


_Send for Price-list 


140 Peart Street 


Agents for 


PERFECT \ 


Standard Specifications 


FOR 


CAST IRON PIPE 


AND 


= Special Castings 
Price, 10 Cents 


Address 
WILLARD KENT 


735 Tremont Temple 
- BOSTUM Boston, Mass. 


Simplex 


Valve and Meter Company 


MANUFACTURERS OF 


Air Valves — Automatic for water mains. Manometers. 


Altitude Valves — for controlling the level of water 
in reservoirs, standpipes and railroad tanks. 


Meters — for large pipes, with recording attachment, 
rate of flow dial and total flow register. 


Alum Uniform Rate Dissolving Apparatus—for Piezometers. 


lters. 


Recording Meters. 


Coagulant Uniform Rate Dissolving Apparatus Regulating Valves — for controlling _— of waterin 


— for filters, 


Controlling Valves — for controlling level of water 
in reservoirs, standpipes and railroad tanks. 
Controllers — Rate Controllers for filters, etc. 


reservoirs, standpipes and railroad tanks. 

Valves — Automatic Air Valves, Altitude Valves, Rate 
of Flow Controlling Valves. 

Venturi Tubes — with manometers, meter registers, 


ages — Loss of Head and Rate of Flow for filters. recording attachments and rate of flow dials. 
Loss of Head and Rate of Flow Gages. 


112 North Broad Street Philadelphia, Pa. 
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C. D. Kirkpatrick, Mgr. 
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HENRY DOCKER JACKSON 


Consulting Electrical Engineer 
Associate Member American Institute of Elec- 
trical Engineers. Investigation of electrolytic 
troubles and plant economy a specialty. 


88 BROAD STREET, Room No. 626 
BOSTON, MASS. 


S. P. Gates, Asst. Mgr. 
Established 1878 
B. F. SMITH & CO. 
Incorporated 
Artesian and Driven Wells, Foundation Borings 


Engineers and Contractors for Muni- 
cipal and Private Water Works 


Office 38 Oliver Street Boston, Mass. 


CHARLES A. HAGUE 


Advisory Engineer 


52 Broadway New York City 


the: Clan. of | 


Water Works Pumping Stations and 


Pumping Engines for both Steam and — 


Gas Driven Pumping Machinery. 


Tel, Fort Hill 977 & 978 


The 
Carbon Coal @ Coke Co. 


Miners and Shippers 
of the 


Carbon 
Steam Coal 


14 900 B. T. U. 


Metropolitan Water Works Test, — 


Arlington Pumping Station, 
with Carbon Coal 


GIVE US A TRIAL 


Wn. A. Jepson 


General Sales Agent 


141 MilK Street - - Boston. 
Sliver Building 


WILLIAM R. CONARD 


| Assoc. Amer. Soc. C. E. Assoc. Mem. Amer. Soc. M. E. 


322 High St., Burlington, N. J. 
| Inspections and Tests of Materials 


SOUTHERN OFFICE 


| Maison Blanche Bldg., New Orleans, La. 
R. C. HUSTON, C.E., Special Representative 


NOTICE 


Weare obliged to prosecute 
MANUFACTUR- 


SERS. 

THE CLARK METER 
BUX has madegood. Thou- 
sands ia use. THE UNITED 
GOVERNMENT 
uses t 

CONCRETE METER 
BOX Bodies are made with 
our Iron, Form. 

Our TEKSAGON (no gas- 
ket) Metce Coupling is a 
wonder. 

Write for catalogue. 


H, W. CLARK CO. — Mattoon, Ill, 


115 So, 17th St. 


Dixon's Waterproof 


GRAPHITE GREASE 


For the lubrication of hydrants, gates, etc, 
Send for free sample 


JOSEPH DIXON CRUCIBLE CO. 
| JERSEY CITY, N. J. 


Boston Engineers’ Supply Co,, 
RUBBER HOSE, BELTING and PACKING, 


OILS and MILL 
SUPPLIES, 


Engine Packings, Grease and Specialties, 
No. 56 PURCHASE STREET, 


BOSTON. 


TELEPHONE, MAIN 4455-2. 


| PARAMOUNT CYLINDER OILS. 
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THE A. P. SMITH MANUFACTURING CO. 


NEWARK, N. J. 
Manufacturers of 
Tapping [lachines, Fire Hydrants, Water Gates, 
Economic Lead Furnaces, 
Corporation and Curb Cocks, Brass and Aluminum Castings. 
Also General Supplies for Water and Gas Works. 


Write for Catalogue. 


JOHN FOX NICHOLAS ENGEL 


JOHN FOX @ CO. 
CAST IRON | 
WATER @ GAs PIPES 
FLANGE PIPE 


Special Castings, Fire Hydrants, Valves 
General Foundry and Machine Work 


253 BROADWAY NEW YORK CITY 
Postal Telegraph Building 


HIGHEST AWARD, GOLD MEDAL, 


ST. LOUIS EXPOSITION, 1904 


Over 100 Water Departments 


use 


LEAD-LINED IRON and TIN-LINED PIPES 


for their service connections 


MANUFACTURED BY 


Lead Lined Iron Pipe Company 


Waketield Mass. 
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ADVERTISEMENTS. 


ALWORTH 
MEG OO. 


BOSTON, 


NEW YORK OFFIGE, 
PARK ROW BUILDING, 


THE HALL TAPPING MACHINE 


Without an equal. 
Three machines in one. 
Endorsed by all Who habe used it. 


— 


Also 


THE HALL PATENT PIPE GUTTER 


For Cutting Cast Iron Pipe 
in the Trench ~ 


Wrought and Cast Iron Pipe and Fittings. 
Brass Work of all Kinds. 
Water, Steam, and Gas Fitters’ Tools 
and Supplies. 

Extension Shut-off Boxes. 
Straight-way and Hydrant Vakoes a 
Specialty. 

Miller’s Ratchet Pipe-Cutting and Threading 
Tools, 
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ADVERTISEMENTS. 


| "We make Pressure Regulating Valves 
WATER all purposes, steam or water. 
FILTERS. 


| Our Feed-Water Filter will keep oil 
| , out of your boiler. 
REGULATORS: 


We can interest you if you use a condenser, 
ENGINES 


-Water Engines for Pumping Organs ne 
THE Ross VALVE MFG. Co. 


or parlor organs. 


TROY, N. Y. Ask your organ builder for 


it or write us. 


NORWOOD ENCINEERING CO. 
FLORENCE, MASS. 
NOTICE—WE HAVE ARRANGED TO MANUFACTURE THE CELEBRATED 


WALKER FIRE HYDRANT 
ONE OF THE BEST HYDRANTS MADE 


MECHANICAL FILTRATION 
PLANS AND ESTIMATES CHEERFULLY SUBMITTED 


CAST IRON PIPE 
FOR WATER AND GAS 
CHAS. MILLAR @ SON CO., Selling Agents 
Main Office, Utica, N. Y. 
Branch Office 2 * = 176 Federal St., Boston, Mass. 


They set the Pace 


ASHTON POP YALYES 
and... STEAM GAGES 


Superior in Quality of material and workman- 
ship, and with greatest efficiency and durability, 
they challenge comparison with any others on 
~ the market. Send a trial order subject to ap- ; 

proval ONLY IF SATISFACTORY, and thereby prove the claims made for 
them. HIGH GRADE GOODS OUR EXCLUSIVE SPECIALTY. 


The ASHTON VALVE CO., 271 Franklin Street, BOSTON, MASS. 
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D. WOOD @ CO. 


400 CHESTNUT STREET, PHILADELPHIA, PA. 


Engineers, Iron Founders and Machinists 
CENTRIFUGAL PUMPS 
pumpINc ENcInes Cast Iron P Ipe 


CUTTING-IN TEES 


Oid Way 


Connections economically and eas- 
ily made with one fitting. Saves 
sleeve, cuts, lead and unnecessary 
work and material. 


** Reduced Specials” 


Cost of fittings reduced from 25% 
to 50%. Full strength. Deep bells. 
Convenient to handle. Sold by 
the piece. 


Mathews 
Fire Hydrants 


A half century of use has established their reputation as 
being the most economical, durable and simple hydrant. 


Number in use exceeds total of all other 
makes combined. 


Gate Valves 


R. D, WOOD & CO. STANDARD 
DOUBLE DISK 
ANTI-FRICTION 
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ADVERTISEMENTS. 


-» MANUFACTURERS OF . 


This hydrant is anti-freezing, because when the drainage 
is good no water is left in it to freeze. 
The drip is directly in the bottom of the hydrant and 
drains perfectly. It is protected by its valve, which 
never leaves its socket and cannot be clogged. 


DOUBLE AND £. FIRE 

SINGLE GATE 

BLSO CHECK 

VALVES, YARD, WASH, 
( AND FLUSH 


VALVES. HYDRANTS. 


SEND FOR CIRCULARS, 


OFFICE AND WORKS: FOOT OF ADAMS STREET, TROY, N. Y. 


S. D. M. J. 


Coffin Company, 


Boston, Wags. 


Makers of the largest Sluice and Gate Valves in America 
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CHAPMAN 
Valve Manufacturing Co. 


AGENCIES 


General Office and 
Works ¥ ¥ ¥ ¥ ¥ 


BOSTON 
94 Pearl St. 


Indian Orchard 
NEW YORK 
Massachusetts 49 John St. 


PHILADELPHIA 
1011 Filbert St. 


CHICAGO 
120 Franklin St. 


ST. LOUIS 
16 S. Twelfth St. 


CHARLOTTE, N.C. 
Thos. B. Whitted & Co. 


PITTSBURGH 
47 Terminal Way 


LONDON 
147 Queen Victoria St. 


PARIS 
54 Boulevard du Temple 


JOHANNESBURG 
South Africa 


Valves and Gates | 


for all purposes ¥ Also TURIN, ITALY 
Pietro Ferrero & C. 


Gate Fire Hydrants \ J 


Manufacturers of 
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im The “COREY” aif 
FIRE 


MODERN 
SUCCESSFUL SUPERIOR 


DURABLE 


ml RENSSELAER VALVES 


ALL SIZES ALL PRESSURES 
WATER, STEAM, GAS, OIL, ETC. 


ELECTRICALLY OPERATED VALVES 
Check Valves Air Valves 
Indicator Posts Valve Boxes 


CATALOGUE UPON APPLICATION 


MFG. CO, Troy, » 


BRANCHES 


NEW YORK, 180 Broadway aoe _ House Bldg. 
CHICAGO ST. LOUIS, M 
1108-9 Monadnock Block Ojo Security Bldg. 


Warren Foundry »° Machine (0. Established 1856 


Works at Phillipsburg, New Fersey. ...... 
Sales Office, 111 Broadway, New York. 


Cast Iron Water From 3 to 60 inches 
and Gas P | Pr E in diameter. 


ALSO 


ALL SIZES OF FLANGED PIPE 
SPECIAL CASTINGS. 
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xx ADVERTISEMENTS. 


CRYSOLITE 
PROTECTIVE PAINT 


IS UNEXCELLED FOR 
STAND PIPES AND HYDRAULIC WORK 


WHETHER EXPOSED TO SALT OR FRESH WATER. 
SOLD STRICTLY ON ITS MERITS, 


A sample will be sent free of charge to any responsible party. 


Semet-Solvay Co. 


100 WiLtiAM STREET MARQUETTE BLDG. 
SYRACUSE, N.Y. NEw YORK, N. Y. CHICAGO, ILL. 


Are You Getting Full Efficiency 
of Your Water Mains? 


After 
Cleaning 
July 13, 1907 
Fire plug showing increased flow under same pressure 
at Wheeling, W. Va. :: For further particulars address 


National Water Main Cleaning Co., 
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LYNCHBURG FOUNDRY COMPANY 


MANUFACTURERS OF 


FOR WATER AND GAS WORKS 


(NEW ENGLAND W. W. ASSOC. STANDARD SPECIFICATIONS) 


LYNCHBURG, VIRGINIA 


EASTERN. OFFICE 220 BROADWAY, NEW YO K 


EMAUS PIPE FOUNDRY, 
DONALDSON IRON CO., 


MAN UFACTURERS 
we OF... 


CAST | gx 


IRON 
PIPE 


Special Castings for Water and Gas. 
Also Flange Pipe, Lamp Posts, Street Castings, 
Manhole Heads and Covers, etc. 


}.G, EBERLEIN LEHIGH COUNTY, PA. 
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CAST IRON PIPE 


ALL REGULAR SIZEs, 3 INCHES TO 84 INCHES 


ror WATER, GAS, SEWERS, DRAINS, etc. 


SEND FOR STANDARD SPECIFICATIONS 


RAILROAD AND TURNPIKE CULVERTS 
FLANGE PIPE AND FLANGE FITTINGS 


CASTINGS 


AND THOSE MADE FROM ORIGINAL DESIGNS 


United States Cast Iron Pipe and Foundry Company 
GENERAL OFFICES, 71 BROADWAY, NEW YORK 


Eastern Sales Office . . . 71 Broadway, NewYork | Pittsburgh Sales Office . . . . Murtland Building 
Western Sales Offices, 638 ‘“The Rookery,”’Chicago, Ill. | San Francisco Sales Office . . Monadnock Building 
Southern Sales Office. . . . Chattanooga, Tenn. | Philadelphia Sales Office . . Land Title Building 
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FOR WATER WORK 
BUILDERS IRON F'D’ 


PROVIDENCER' 


Builders Iron Foundry 
PROVIDENCE, R. I. 


Established 1820 Incorporated 18535 
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XXiv ADVERTISEMENTS. 


Chadwick-Boston Lead Co, 


Corner Congress and Franklin Streets 


162 Congress St. BOSTON 180 & 182 Franklin St. 


LEAD PIPE AND SHEET LEAD 


Patent Tin-lined Pipe 


Pure Block Tin Pipe 


LEAD 


(Best Brands for Joint Work always in Stock) 


Pig Tin, Wire Solder, Pumps, etc. 


ALSO 


“Forest River” and “Star” Brands 


PURE WHITE LEAD 
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IF IBIS IS 


STOP 


that grumble 


No 
grumble 
with 
Fagleine 
Oils 
FROM PUMP 
or ENGINEER 


State the con- 
ditions you are 
working un- 
der and we 
will furnish 
an oil that 
will save you 
money ” 


FOR STEAM AND WATER ENDS. WE MANUFACTURE HIGH- 
GRADE PACKINGS AND FURNISH THE CORRECT PACKING IN 
ALL INSTANCES OR NO PAY 


N. E. Agents Daniel’s P. P. P. Packing 


PALMETTO PACHING FREE SAMPLE 


NVA 
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ENGINEERING News 


Volume 60 $5.00 por 
No. 1 NEW YORK, JULY 2, 1908 Single cae, 15 aS Con 


EVERY ENGINEER AND 
WATER-WORKS SUPERINTENDENT 


WHO SEEKS TO KEEP ABREAST OF 
THE TIMES 


SHOULD BE A READER 
OF 


ENGINEERING NEWS 


100 TO 132 PAGES WEEKLY 


The Leading Engineering Journal of the World 
If interested send for a free sample copy 


One Year, $5.00 Six Months, $2.50 


10 WEEKS (Trial Subscription) ONE DOLLAR 


The Engineering News Publishing Co. 


220 Broadway, New York 
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INDEX TO ADVERTISEMENTS (Conciuded). 


OIL, GREASE, ETC. 


Boston Engineers’ Supply Co. 
Jos. Dixon Crucible Co. .... 
Eagle Oil and Supply Co...... 


PACKING. 


Harold L. Bond & Co. ...... 
Boston Engineers’ Supply Co. .. . 
Eagle Oil and Supply Co... . 
Hart Packing Co. ...... 


PAINT. 
Semet-Solvay Co. .....+.- 


PRESSURE REGULATORS. 


H. Mueller Mfg.Co.......... 

Ross Valve M’f’g Co. 
Simplex Valve and MeterCo...... 
Union Water Meter Co........- 


PUMPS AND PUMPING ENGINES. 


Builders Iron Foundry........ 
National Meter 
R. D. Wood &Co. ...... 


TAPPING MACHINES. 


H. Mueller Mfg. Co. .... 
The A. P. Smith M’f’g Co.. 
Walworth M’f’g Co...... 


TOOLS AND SUPPLIES. 


Boston Engineers’ Supply Co. 

H. Mueller Mfg. Co. ....... 
Harold L. Bond &Co. ...... 
The A. P. Smith M’f’g Co... . 
Walworth Mfg. Ce. 


New England Water Works Association 


The Members’ Button, in Blue Enamel 


Can be obtained from the Secretary for 
50 cents, postpaid 


Address, Secretary New England Water Works Association 
Tremont Temple, Boston 
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The Journal of the New England Water Works Association 


is a quarterly publication, containing the papers read at the meetings, to- 
gether with verbatim reports of the discussions. Many of the contribu- 
tions are from writers of the highest standing in their profession. It 
affords a convenient medium for the interchange of information and experi- 
ence between the members, who are so widely separated as to find frequent 
meetings an impossibility. Its success has more than met the expectation 
of its projectors; there is a large and increasing demand for its issues, and 
every addition to its subscription list is a material aid in extending its field 
of usefulness. ALL MEMBERS OF THE ASSOCIATION RECEIVE THE JOURNAL 
IN PART RETURN FOR THEIR ANNUAL DUES; to all others the subscription 
is three dollars per annum. 


TO ADVERTISERS 


HE attention of parties dealing in goods used by Water Departments is 
called to the JOURNAL OF THE NEW ENGLAND WATER WORKS ASSO- 
CIATION as an advertising medium. 
Its subscribers include the principal WATER WORKS ENGINEERS and 
CONTRACTORS in the United States. The paid circulation is ovER OO 


COPIES. 
Being filled with original matter of the greatest interest to Water 


Works officials, it is PRESERVED and constantly REFERRED TO BY 
THEM, and advertisers are thus more certain to REACH BUYERS than 
by any other means. 

The JOURNAL is not published as a means of revenue, advertisements 
being inserted solely to help meet the large expense of publication. 


ADVERTISING RATES. 


One page, one year, four insertions . Sixty Dollars. 
One-half page, one year, four insertions . ° ‘ F Forty Dollars. 
One-fourth page, one year, four insertions ‘ . Twenty-five Dollars. 
One-twelfth page (card), one year, four insertions e Ten Dollars, 
One page, single insertion Thirty Dollars. 
One-half page, single insertion Twenty Dollars. 
One-fourth page, single insertion Fifteen Dollars, 
Size of page, 7} x 4} net. 
A sample copy will be sent on application. 


For further information, address, 
CHARLES W. SHERMAN, 
Advertising Agent, 
14 Beacon Street, 
BOSTON. 
Or, RICHARD K. HALE, 


Editor, 
14 Beacon Street, Boston, Mass. 


: 
= 
‘ 


/ 


